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Welcome Address 
It is a great pleasure for me to welcome distinguished members of the 
international scientific community to Thessaloniki, the historic capital of 
Macedonia. Founded in 315 B.C. by Cassandrus, the king of Macedonia, 
Thessaloniki was given the name of the founder's wife, a sister of Alexan-
der the Oreat. Since then and thanks to a number of geographical advan-
tages, our city prospered from every point of view and remained standing 
and inhabited over more than 23 centuries. Hence, Thessaloniki evolved to 
be an economic and cultural center on the entire Oreece and on Balkan 
countries in general. 
Air pollution, the main subject of your Seminar, is an unavoidable 
ingredient of our contemporary civilization. Dense traffic in modern cities 
and industrial activities in economically advanced countries result in elev-
ated emissions of air pollutants, which inevitably threaten public health 
and already proved to be hazardous to ancient monuments. 
The awareness of all authorities in Thessaloniki with regard to air POl-
lution is reflected in their unanimous support for the International Measur-
ing Campaign which is currently being held in our city. The Municipality 
of Thessaloniki participates actively at this campaign, as it recognizes the 
necessity to collect all data needed to optimize the air pollution abatement 
strategy for the Oreater Thessaloniki Area. 
In fact, the Municipality of Thessaloniki endeavours several years now 
to improve air pollution control in our city. Three fully equipped immis-
sion measuring stations and a ground-based meteorological station are 
being operated by the Municipality in the downtown area of Thessaloniki. 
These stations allow to monitor on a routine basis air quality in our city 
and to take proper measures so that pollutant concentrations remain below 
safe standards. Our monitoring network will be soon further expanded by 
the installation of two additional stations. 
I am convinced that the discussions you will have during this Seminar 
will help you to improve your knowledge on various delicate issues related 
to air pollution. As we all will profit by progresses in atmospheric sciences, 
I wish to your Seminar the best possible success. Moreover, I wish to all of 
you a most enjoyable stay in our city and that you will have enough time 
to visit the monuments testifying Thessaloniki's unique role in history. 
Ioannis Zournas 
Vice-Mayor of Thessaloniki 
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Opening Address 
The Greater Thessaloniki Area constitutes the second in size urban and in-
dustrial agglomeration pole in Greece. Its influence on the metropolitan 
area as well as on the Region of Central Macedonia and the Southern 
Balkan Penninsula is very significant. 
The area experienced a rapid increase in the development rates of all 
sectors (primary, secondary and tertiary) following the World War era. It 
now has a population of about 1.000.000 inhabitants. In addition, it repre-
sents the largest exporting port of the country and carries almost 17% of 
the total industrial capacity of Greece. 
The Thessaloniki Area is undergoing a considerable growth and de-
velopment. The recent geopolitical events in the Balkans and the former 
Eastern European count ries stress even more the importance of the role of 
the Thessaloniki Area while giving it new development prospectives and 
enhancing it furthermore. One should also mention the fact that due to the 
location of the area as well as its spatial considerations, it maintained its 
role throughout the 2.300 years of its history. 
The Greater Thessaloniki Area faces increasing and rather alarming 
environment al quality problems like all contemporary metropolitan cen-
ters. The latter problems are even stressing due to the size and the poorly 
planned development of the area. Problems such as the pollution of Ther-
maikos Gulf and the degrading of the quality parameters of the atmosphere 
are characteristic examples. One should expect these problems to occur 
especially in the Greater Area. We can, for example, refer to a) the number 
of the vehicles used in the area: 200.000, and b) the 1 million tons of fuel 
that is daily consumed in the area. Facts and problems relating to the city 
and area development as the above need to be given the proper emphasis 
especially with regards to both the deterrence and mitigation efforts. It is 
well known that no real development can take place without taking - at the 
same time - measures with regard to the environment al protection. 
The aforementioned thoughts were more intense in the decade of the 
'80s and have resulted, amongst other things, in the enactment of the Law 
concerning the Master Plan and Development of the Area: "Master Plan 
and Program for the EnvironmentalProtection of Thessaloniki". As a con-
cIusion, the Organization of Thessaloniki was made Law and initiated its 
functions aiming at the Master Plan implement at ion and continuous im-
provement in specific appIications. 
The Organization of Thessaloniki has placed special emphasis and prio-
rity on the thorough study and examination as well as the control and qua-
lity protection of the atmosphere since the very first weeks of its genera-
tion. This is because the above subjects are considered as the most crucial 
factors of the quality of living in a metropolitan area nowdays. The Athens 
lesson, of course, is considered important enough to prove evidence for the 
need to deter similar phenomena in Thessaloniki. As a matter of fact, the 
Organization of Thessaloniki has planned and is now carrying out a large 
program of studies regarding the atmospheric pollution. The program's 
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specifie objeetives are: 
~ The es ti mate of the eurrent pollution levels. 
~ The survey of the pollution sourees as weil as the determination of the 
size of the pollution level. 
~ The proposal for short-term pollution mitigation measures in addition to 
measures for the development and ineorporation of aglobaI poliey re-
garding the environmental proteetion. 
In order to implement the program of the aerial pollution studies, the 
Organization of Thessaloniki mobilized the experts of the area and even 
the whole nation. As a result, the Aristotle University of Thessaloniki was 
assigned the "most ehallenging" tasks of the programs. 
Specifieally, the University is going to estimate a) the eontribution of 
the vehicles to the area pollution levels, b) the mathematieal foreeast of 
the pollutants in the city's atmosphere through appropriate models of 
aerial diffusion (inertials and of photoehemieal substanee), e) the examina-
tion and evaluation of the interralationships between meteorological pheno-
mena and pollution by the means of a well coordinated campaign that is 
currently under way. Referrals to those initiatives and activities will be 
made in the present Seminar. 
We believe that, upon the finalization of the studies, the Organization 
of Thessaloniki as weH as the Administration in general will be able to ac-
quire valuable tools for the strategy formulation regarding the aerial pollu-
tion of Thessaloniki (both as a means of long-term planning and as a deter-
renee of impacts). 
By doing the above, we believe that the collaburation of the University 
and the Administration along with the improvement of the modern teehno-
logy are enhanced as they are the most important elements for overcoming 
eomplex problems such as the environment al management. 
With these thoughts, in addition to the assurance that the conclusions 
and proposals of the Seminar will be used by the best possible way, I am 
now declaring this Seminar to be started. 
Ioannis Sfendonis 
Chairman of the Organization of Thessaloniki 
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Preface 
The identification, analysis and, to the very end as ultimate goal, the 
solution of environmental problems is nowadays more than an interesting 
research task, it is a 'social must' because of the impact apolluted 
environment has to every human being. 
However, the demands given by the complexity of the research subject 
are very high. Therefore, an interdisciplinary cooperation between chem-
ists, physisists and engineers is not only mandatory, but a necessary pre-
condition for any progress to be achieved. 
Having this in mi nd and expecting synergistic effects by pooling the 
experience and know-how of scientists from different countries, two years 
aga the integrated project "Environmental Engineering" has been installed 
in the framework of the German/Greek cooperation programme. Today, 
this project comprises seven indiVIdual subprojects. It is sponsored by the 
Federal Republic of Germany with about one quarter of the total budget 
provided for the cooperation with Greece. 
In an attempt to promote contacts among specialists in the field of Air 
Pollution, the Seminar "Monitoring and Modelling in the Mesoscale" was 
held at the Aristotle University Thessaloniki on September 27, 1991. This' 
volume contains all contributions to the Seminar. 
A number of the papers given at the Seminar deal with the "Thessalo-
niki '91" Measuring Campaign which was conducted September 15 - Octo-
ber 13, 1991. This campaign represents the biggest, most important and 
most expensive undertaking which was ever performed within the German/ 
Greek cooperation programme. 
It is hoped and may be expected that the data collected, processed and 
evaluated will be a sound basis for decisions to be made in the near future 
in order to improve the present situation in the Thessaloniki area with re-
gard to air pollution. Therefore, the Seminar "Monitoring and Modelling in 
the Mesoscale" may be regarded as an integral part of the joint efforts of 
several institutions to contribute to the solution of a specific environment al 
problem in the Greater Thessaloniki Area. 
Günter Kaiser 
International Bureau, Research Center Jülich, 
Federal Republic of Germany 
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Monitoring and Modelling in the Mesoscale 
Air pollutant emissions may be hazardous for man, his living environment 
and materials. For any sensible action to prevent or to reduce environ-
mental damage it is necessary to investigate the relationship between air 
pollutant emissions and immissions. This implies a thorough knowledge of 
the emissions as weil as a detailed analysis of transport and transformation 
mechanisms in the atmosphere. The latter can be performed either on the 
basis of sufficient observational evidence (covering both meteorology and 
pollutant concentrations) or by the usage of suitable mathematical models 
or with a suitable combination of both. 
A combination of monitoring and modelling is especially useful for 
studies of mesoscale dispersion over complex terrain: A detailed analysis 
based only on observations would require a dense monitoring network and 
hence extremely high operation al costs. For this reason such a network 
could hardly be operated on a routine basis. Models, on the other hand, 
cannot be considered as reliable tools, unless they have been already suc-
cessfully verified. Obviously, for verification purposes accurate and comp-
lete measured data are required. Relevant datasets may be conveniently 
collected in the course of intense measuring campaigns like the one organ-
ized in the Greater Thessaloniki Area September 16 - October 13, 1991. 
This volume contains papers given in the Seminar "Monitoring and 
Modelling in the Mesoscale", which was held on the occasion of the Thessa-
loniki '91 Measuring Campaign September 27, 1991. The papers are divid-
ed into four sections. The first section contains an introduction to the en-
vironmental problems of Thessaloniki and a review of the so far activities 
to ameliorate the situation. The second section deals with the preparation 
and the organization of the Thessaloniki '91 Measuring Campaign. The 
third section consists of the invited lectures, which all deal with interesting 
aspects of dispersion modelling. The final section contains papers on emis-
sions in Thessaloniki and on results of model application for the Greater 
Thessaloniki Area. 
I would like to thank the authors of the papers for a job weil done. I 
also wish to acknowledge the support provided by the International Bureau 
of the KFA Jülich for printing the proceedings. Finally, I would like to 
thank Dr. Günter Kaiser both for initiating the integrated project Environ-
mental Engineering and for his continuous encouragement and support. 
Nicolas Moussiopoulos 
Laboratory of Heat Transfer and 
Environmental Engineering 
Aristotle University Thessaloniki 
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SECTION 1: 
THESSALONIKI AND ITS ENVIRONMENT 
2 
Some Thoughts on Air Pollution 
G. s. Vasilikiotis 
Chemistry Department 
Aristotle University Thessaloniki 
54006 Thessaloniki, Greece 
3 
Sixty years aga a seminar on air pollution problems would have attracted 
very few scientists. Those that did attend it would have felt that it was 
just an interesting subject as any other scientific one. Today when the 
term air pollution is mentioned almost everyone from the cllild in the 
primary school to the thlrd age person realizes that we are dealing with a 
very significant problem affecting the modern society. 
As with most sociological issues, it is difficult to separate fact from 
emotion. Thls is also the case with pollution. Pollution becomes a major 
subject for the political arena, furt her charging the emotional aspect and 
clouding the real facts. The air pollution problem cannot be solved solely 
through technology. The acceptance by the society of all or even part of 
the suggested measures is a primary factor for preventing the disastrous 
effects of air pollution. 
Originally all these effects were attributed to the industry, but today 
the whole image has changed. The emissions from industry contribute only 
about 25 percent to the total air pollution effects. The internal combustion 
engines used in cars, buses, trucks, airplains and other means of transporta-
tion contribute about 50 percent and the rest is contributed by central 
heating, power stations and other units for the ultimate comfort of people. 
So, now a seminar on air pollution provides valuable knowledge to the 
scientists who attend it and. especially when a seminar is organized in a 
city or an area where the industrialization, the increase of population and 
consequently the heavy traffic have al ready created serious problems and 
measures must be taken to prevent a worse situation. This is the case of 
the city of Thessaloniki and the present seminar. 
But what is actually air pollution? There are many definitions. In a 
general sense it is the addition to air atmosphere of any substance whlch 
may have a harmful effect to man, to animals, to plants and to materials 
used by man. Now, we can add that pollution is not only a substance, like 
a chemical compound, introduced to the atmosphere, but also an increased 
radiation produced by the depletion of the protective ozone layer. This 
increase is really harmful to life generally. People now know that not only 
the sun but a greater danger is also shining through the sky. 
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This effect was produced by using millions of tons of ozone depleting 
chemicals. lt is estimatedthat more than 750 thousand metric tons of 
chlorofluorocarbons are used annually all over the world and these 
compounds react with ozone. 
In the last years it has become increasingly evident that high levels of 
pollutants have caused the premature death of thousands of people. Meteo-
rologists have shown that the unfavourable weather conditions that eon-
tributed several disasters in parts of our planet are likely to oecur more 
often. On the other side, though acute effects of alr pollution are alarming, 
the chronic effects are of more concern. Clinical and epidemiological 
surveys have related various air pollutants to almost all health factors from 
the common cold to some forms of cancer. These surveys correlated def-
initely air pollution and respiratory diseases. The number of possible alr 
contaminants and their concentration levels is practically infinite. The 
means of testing and expressing pollutant concentrations is not so weil 
defined. One of the most limiting factors in epidemiological studies is the 
relatively limited air quality data and the obvious effects of synergism. 
Ozone is a typical secondary pollutant. It occurs naturally in the 
atmosphere and it is generated during electric storms. The primary souree 
of high ozone concentrations in the lower atmosphere originates from the 
photochemical reaction of nitrogen oxides and hydrocarbons which are 
emitted by the transportation means and industries. Both of them are 
primary pollutants. Nitrogen dioxide reacts in the presence of sunlight to 
form nitrous oxide and atomic oxygen. This atomic oxygen combines with 
molecular oxygen, agaln in the sunlight, to form an ozone molecule. The 
rate formation of ozone depends upon the type of the hydrocar~ons and 
their concentration in the alr. Other factors are the concentration of 
nitrogen dioxide and the exposure time to sunlight. 
Ozone bleaches plant cells and has adverse effects on dyed fabries, 
synthetic fibers and other organic materials. It causes eye irritation at 0.1 
ppm levels and this is one of the best known effects. Smelling is very 
sensitive to ozone, detecting its odor at as low as 0.02 ppm concentrations. 
Sensory fatigue may follow rapidly but nasal and throat irritation occurs at 
0.3 ppm. At levels of 1 ppm, severe restriction of respiratory passages 
occurs and a nurnber of persons cannot tolerate higher concentrations. 
Generally, a damage of the lung tissue occurs making it more susceptible 
to infections. 
We stressed the ozone effects, as this is the pollutant which will be 
investigated now in the area of our city, Thessaloniki. Up to now the 
incidents of high ozone concentrations in the area of the city are very few 
according to the data of 1990. Anyway, the study of the phenomenon, the 
analytical procedures and the evaluation of the collected data will be very 
valuable for the future rneasures to be imposed by the state. 
Much emphasis is placed today on monitoring potentilally toxic 
materials in the alr, particularly in cities elose to industrial units, where 
people may encounter some of the emitted chernicals in their normallife. 
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There is always a need for new techniques to monitor these chemicals and 
to ensure that safe concentration li mi ts are not exceeded. Although there 
are no legally enforceable standards for air quality in our city, informal 
"air quality objectives" are sometimes used. There are of course standards 
for car emissions and generally current EEC standards are accepted. If 
industrial units and vehicles use the best pollution control methods, they 
can reasonably afford the quality of air to remain within reasonable limits. 
At present there are some monitoring stations in our city to assess the 
extent of air pollution and to decide when concentrations are too high re-
quiring emission restrictions from industries, central heating and city 
trafiic generallYi at the same time, a working group is studying the feasible 
measures, accepting the concentration levels used in Athens to declare an 
air pollution episode. 
By closing I wish to remind you of a "monster" which, every year, 
emits to the atmosphere about 30 kg of unburned hydrocarbons, 34 kg of 
nitrogen dioxide, 4000 kg of carbon dioxide, 400 kg of carbon monoxide, 
lead and suspended particles. Most probably you realized that this 
"monster" is a car. Take care!! 
6 
7 
Distribution of Heavy Metals in the Area of Thessaloniki 
Th.Kouimtzis 
Environmental Pollution Control Laboratory.Department of 
Chemi stry', Uni versi ty of Thessa 1 onikL Greece . 
ABSTRACT 
High concentration Air Paarticulate Matter have been found in 
the area of Thessaloniki. TSP sampIes, collected at two sta-
tions in the area of Thessaloniki during the period July 
1987-June 1988 were analysed for heavy metals.Results 
obtained showed that Pb,Zn and Cu are emitted from man-made 
sources(traffic,domestic heating,industry),V,Ni and Co are 
derived partially from natural and man-made sources,while Cr 
is mainly soil-derived. 
Heavy metals were also determined in roadside dust sampIes 
seasonly collected at 20 sampling points of the area of 
Thessaloniki during the same period.Results showed that road 
side dust in the urban area of thecity contained elevated 
concetration of Pb,Zn and Sb,whereas in the industrial area 
increased concetrations of As,Cd,Cr and Pb have been found. 
INTRODUCTION 
Thessaloniki,the second largest city in Greece,with a popu-
lation of 1.200.000,js one of the oldest cities in Europe, 
It stretches over twenty Kilometers in a bowl formed by low 
hills facing a bay that opens into Thermaikos Gulf. 
The development of the city has followed the development of 
the country. Until 1960 the growth of the industry was 
relatively slow. But from that year there was a rapid 
increase of industrialization.lndustries,such as oil rafinery 
steel processing,chlor-alcal,fertilizers and anticnock com-
pounds plants were built up. 
At the same time the building of new big houses and 
multifloor blocks was started, to satisfy the needs. for 
housing,because urbanization and iridustrialization had 
brought together large concentrations of people inrelatively 
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small area.The lack of a plan to arrange and locate the ·new 
units resulted various environmental pollution problems. 
Atmospheric pollution is one of the problems getting now 
increased attention.From meteorological point of view the 
area has a high frequency of calm wheather and high humidity. 
Temperature inversions'and the island effects are very 
common.thus there is only little dispersion of the pollutants 
Various research projects have been undertaken in order to 
study the atmospheric pollution in the area of ThessaloniJ<i. 
It is wen documented that one of the major air pollution 
problems in the area of Thessaloniki is the presence of high 
concentration of Air Particulate Matter(1. 2) . 
Chemical analysis of the Air Particulates is always of great 
concern to people living in urban areas and. on the other 
hand.can assist in course identification. 
From this point of view we analysed many Air Particulates 
samples.collected from various sites of the area of 
Thessaloniki.Thus.Heavy metals and Toxic elements and 
Polynuclear Aromatic Hydrocarbons were measured in these 
samples.At the same time the mutagenisity of the hydrocarbons 
was examined with the Aims test. 
The concentration of heavy metals in roadside dust can also 
provide valuable information about pollution levels in urban 
and industrial areas(10.19) .Thus.from this point of view.we 
also examined many roadside dust sampIes for their metal 
content. 
HEAVY METALS IN AIR PARTICULATES 
EXPERlMENTAL(31)-J~ 
One hundred and eighty-four sampIes of total suspended parti-
culates (TSP) were collected during the period July 1987-June 
1988 at two sampling stations in the area of Thessaloniki.Stl 
(91 samples).and St2 (93 sampIes) .Stl was in the center of 
the city.while St2 at the northwestern border of the 
residential area.close to the oil reffinery.and about 100 m 
from the main road. (Figure 1) 
Airborne particulate matter was collected on glass fibre 
fi !ters (General Metal Works;203X254 mm) with 99% collection 
efficiency for particles of 0.3 ~m.by using high-volume 
sampiers (General Metal Works.model 2000) .Samples were 
cOllected at a height of about 4 m above ground level with an 
average sampling flow rate of 85 m~n!.The duration of each 
sampling period was 24 h starting at midnight.Loaded and 
unloaded filter were weighted after conditioning in a 
desiccator in room temperature. 
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One quarter of each loaded filter was extracted with a 
mixture of HN03 and HCL acid in an ultrasonic bath(3,4), 
Lead,copper,zinc and manganese were determined by flame,while 
chromium,cobalt,nickel and vanadium by electrothermal atomic 
absorbtion spectrophotometry.Quality control was assured by 
duplicate samples,blanks and the method of standard additions 
The analytical variances of data obtained by instrumental 
measurements were <10% for each element. 
~ INOUSTRIA1.. ARE" 
',**;":<1 RESIOENTIAL ARE" 
-- MAIN ROAOS GULF OF THESSALOHIKI 
Figure I Map of studied area. 
RESULTS AND DISCUSSION 
A data summary obtained from the e'lemental analysis of air 
particulate matter is presented in Table 1. 
As can be seen.quite large variations in TSP and heavy metal 
concentrations were observed.This can be attributed not only 
to the fluctuation of emission sources over the seasons 
(traffic. industries, domestic heating etc.l,but also to 
weather conditions that strongly affect the dispersion of air 
dust, 
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Table I Annual TSP aod heavy metal concentrations in the 31mosphere cf Thessaloniki (July 
1987-June 1988) 
Elemellt SI, SI, 
(ng/rn ' ) Aleem SD Med/an Rallge n Meal1 SD Afedian Range n 
Fe 780 620 680 34~1570 91 1070 940 880 33~2560 93 
Pb 1040 630 830 1J~3280 88 1JJ0 1280 900 120-7100 87 
Mn 95 65 78 20-371 88 122 80 107 2~30 87 
Cu 231 149 ,09 45-603 51 169 92 161 58-324 63 
Zn 229 85 204 61-427 88 218 87 206 81--466 87 
Ni 14.5' 10.0 16.4 11.9-43.0 23 t2.Sb 9.1 11.5 2.~34.2 43 
Ü 10.9' 4.8 12.4 1.0-22.2 2] 13.4b 5.8 12.6 3.8-J3.5 43 
Co 5.6' 4.3 7.5 1.~12.S 23 4.9b J.I 5.9 0.8-9.7 43 
V 18,1' 20.9 12.1 2.3-98.6 23 22.2b 14.1 18.5 4.9-63.5 43 
TSP(J1g!m J) 256 94 251 9<k23 91 283 191 263 96-766 93 
'Au,ust 1987-).!arcl! 1988. 
'My 19S1-Mar(h 1988. 
Furthermore,Table 1 demonstrates that some metal 
concentrations fluctuate much more than the concentration of 
particles,indicating that these metals are likely to be 
emitted by sspecific sources. 
In order to 'examine whether the mean values of TSP and heavy 
metal concentrations are significantly different for the two 
stations,the t-test was employed.No significant difference 
was found at the 99% confidence level. 
TSP concentrations were found to be in very good agreement 
with that reported by other investigators for the atmosphere 
of the city (1,2) .It is clear,however,that the annual average 
concentration of TSP is much higher than the EEC standard of 
150 ~g/m~.The frequency distribution of TSP concentrations is 
given in Figure 2.More than 30% of TSP concentrations are 
higher than 300 ~g/ml ,which is the limit of the 95th 
percentile of all mean daily values taken during the year. 
This indicates that the city of Thessaloniki is faced with a 
serious problem of atmospheric polltition caused by 
particulate matter. Heavy metal concentrations were found to 
be in the same order of magnitude with those reported for 
other cities(5-13l. 
The frequency distribution of Pb concentrations in the 
atmosphere is also given in Figure 2.Although~ these concen-
trat ions occasionally reached 3.3 and 7.1 ~g/m at St1 and 
St2 respectively,the mean annual concentration did not 
surpass the limit of 2.0 ~g/mo of the EEC.Moreover,the 
decrease of Pb content in gasoline to 0.15 g/l since February 
1988 will undoubtedly result in a further decrease of 
airborne Pb concentrations. 
--
" 
" 
SI, 
H-87 
'~o9'~'~'~''''-'o~o9,~,~,L,~,~,-F,~,~ 
Pb I ~9/m3 ) 
Figwe 2 Frequency distribution of TSP and Pb concentrations in the atmosphere of Thessaloniki. 
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Temporal variations of TSP and metal mass proportions (~g of 
metal/g of air dust) are given in Figure 3.As can be 
seen.some metals have distinct emission patterns changing 
with the seasons.This means that metals with increasing mass 
proportions during winter are Hkely to be preferably emitted 
by sources that caracterize this season.However,the influence 
of weather conditions.which during winter are more frequented 
by periods of atmospheric stability resulting in pollutant 
built-up.should not be discounted(14). . 
Figure 3 demonstrates that duringwinter air dust seems to 
be enriched with Fe.V.Ni,Co.Cr and partially Cu.while Mn and 
Zn showed more or less constant mass proportions throughout 
the year.Assuming no change in industrial activities over the 
seasons,the increased emissions of V and Ni (and partially of 
Cr,Cu and Co) during winter could be attributed to oil 
combustion in domestic and commercial heating facilities. 
As far as Pb is concerned.higherconcentrations in air dust 
were measured during winter at Stl. Since gasoli~e combustion 
(the lead content in gasoline was O.4g/l until February 1988) 
constitutes the primary source of. Pb in this area.it may be 
that since Pb is emitted from a low height and is not 
dispersed effectivelY.due to the lack ofstrong atmospheric 
turbulences during thios season. However,the emission pattern 
of Pb at St2 was somewhat different.ln this case some 
contribution fron industrial emissions is possible. 
Ratios of Pb/Zn concentrations in air particulate matter 
were found to be much higher than the calculated for roadside 
dust from the same locations(15). This indicates that the 
measured airborne lead is derived from emission sources 
rather than wind blown roadside dust. 
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mSI, OSI, 
Figure 3 Temporal variation of TSP (pg/m3) and heavy metal concentrations (Jlglg air dust) in the 
almosphere of Thessaloniki. 
Metal Enrichment in Air Dust 
To evaluate the enrichment of heavy metals in air dust,the 
enrichment factors (EFs) were calculate with respect to their 
distribution in the earth's crust, (15,17) ,Iron was used as 
the baseline element,This means that all iron determined in 
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10' 
.1.1' 
I Mun) Range 
10 3 
~ 10 2 
10
' 
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Pb Cu In Mn Cr C. HI y 
10-1 L ________________ _ 
Element 
Figure 4 Ennchment factors of heavy metals in air dust of the atmosphere of Thessaloniki (Fe was 
used as the baseline element). 
Tabl. 2 Entrainment of metals in the almos-
phere of Thessaloniki 
Metal Entrainment (%) 
SI, SI, 
Pb 3 I 
Zn 14 8 
Mn 8 10 
Cr 53 42 
Co 5 6 
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air dust is considered to be soil derived.The results are 
presented in Figure 4. 
As can be seen, the mean EF values of Pb,Zn and Cu are much 
higher than unity.This means that these metals are released 
into the atmosphere almost exclusively by man-made sources. 
The EF values of Mn, Cr, Co, Ni and V are lower, (between 4 
and 12) indicating significant contribution from natural 
sources (crustal materials) (18) .It is worth noting that the 
EF of Cr in, air dust is about the same as that found in 
roadside dust of the area of Thessaloniki (15) .This means 
that the majority of atmospheric Cr is soil derived. 
However,this distinction between natural and man-made 
sources is based on the total quantity of airborn particles 
collected by the high-volume sampler.Since EF values are 
strongly dependent on particle size, (7,13) higher EFs for 
many metals (Pb,V,Ni,Cr etc) would be obtained if only fine 
particles were examined. 
The contribution of hi?torically-contamined soils to the 
airborn metal concentrations was also considered.For this 
reason [MI/[Fel ratios in suspended particulate matter were 
compared to the ratios found in local road~side dust (15). 
Assuming no'change in el ementa I ratios upon entrainment by 
wind action, the contribution of entrained material was 
calculate from the relation: 
[ M I soi I 
[MI entrained ~[Fel atmos ----------
[Fe I soil 
where [MI is the concentration of the metal beeing. 
concerned (13). It must be pointed out that this calculation 
gives only an estimation of the entrainment 
contribution,which is overestimated if other sources of Fe 
are present.Results obtained are given in Table 2. 
In this table Pb,Zn,Mn and Co appear to be derived from 
emission sources rather than wind-blown soil,while about 50% 
of Cr seems to be soil-derived. 
HEAVY METALS IN ROADSIDE DUST 
EXPERIMENTAL (15) 
Dust sampies from 20 sampling points were seasonally 
collected during the period Summer, 1987-Summer 1988. The 
sampling'points (Figure 5) were selected taking into account 
the possible emission sources and the traffic density.The 
carasterictics of selected points are given in Table 3. 
Dusts were collected from roadsides in clean polyethylene 
bottles by using a plastic spatula and dried to 110 C 
overnight.The fraction of particle sizes up to 1000 ~m was 
used for analysis. 
All elements,except Pb and 
Neutron Activation Analysis 
y-ray spectroscopy.The IAEA 
used for the determination. 
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Mn,were detemined by Instrumental 
combined with high resolution 
SOIL-7 Reference Material was 
The activation of the sampIes were peerformed at 5 MW swim-
ming pool-type research reactor of N.R.C.P.S. "Democritos" 
Athens.The duration of the irradiation was 30 min at a 
neutron flux of 2.10 n/cm s.The counting was performed after 
a cooling time of· 3 days at the Chemistry Department of the 
University of Thessaloniki by using an i-Ge-y-ray detector 
(efficiency 20% compared to .1"X 1" NaI(Tl) detector,energy 
resolution 1.8 meV for the 1,332 MeV Co-line) .The detector 
was connected with a 4K Multichannel Analyser (CANBERRA S-35 
Plus) .The counting times were optimized in order to get 
information about all possible elements of interest.Because 
of the long cooling and transport time,only elements 
producing long-lived nuclides (T1/2>15h) by activation could 
be determined. 
For the determination of Pb and Mn,about 1 g of dried dust 
was digested with 8 ml of aqua regia and the final volume was 
adjusted to 50 ml with deionized water (20) .The digests were 
sUbjected to A.A.S. analysis by employing the standard 
addition procedures. 
RESULTS AND DISCUSSION 
Results obtained from the analysis of roadside dust sampies 
of the area of Thessaloniki showed a considerable varaition 
for most of the elements. The seasonal elemental variation of 
two sampling points (6-CITY and 12-.IND 1) are given in table 
4.However individual elements found to have different 
seasonal dependency,probably·due to differences in their 
release in the environment and theirmobility. 
The mean elemental concentrations are presented in Table 5. 
From these data it is seen that some elements are primarily 
dependent on industrial activities while others on traffic. 
Increased concentrations on As and Cd were found near and 
around the main industrial area (IND 1). Particularly-high 
concentrations aof As (up to 563 ~g.g~ ) were found at 
sampling points 12 and 13. These concentrations could be 
attributed to As emissions from the fertilizer plant located 
in this region,where about 80.000 ton.y·.t. of FeS are burned 
for sulfuric acid production. 
Relatively increased concentrations of As and Cr were also 
found at sampling point 19 (IND 2),next to the cement 
producing plant. The maximum concentrations of Cr,Co and Mn 
were observed south-east of the city (sampling points 1 and 
2),where the main activities are agricultural and/ or light 
industrial. The high levels of Cr,Co and Mn are attributed to 
the fact that soil in this area 18 rich in chromites that 
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contain Co and Mn as minor elements. (21) 
~!ä INOUSTRIAL AREA 
~ RESIOENTIAL AREA 
-- MAIN ROAD$ 
o VILLAOES 5 Km 
OULF OF THESSAl.ONIKI 
FJgure S Map of Ihe samp!ing area. 
'+, ~, 
Pb was found to be strongly dependent on traffic density, 
since higher concentrations were determined along the main 
traffic roads, (sampling points 5,6,8,13,16,18 and 19) or in 
front of bus stations (sampling point 7). The contribution of 
possible industrial emission sources to the Pb pOllution 
level determined near and around the industrial area,could 
not be distinguished from the Pb emissions due to the traffic 
because this area is also characterized by high traffic den-
sity.Taking into account that the average Pb concentrations 
in the Greek sedIments is 28 "g. g"4 ,even the less frequented 
by traffic points (2 and 3) seem to be contaminated. (8) 
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Table 3 Characteristics of the sampling points 
Sampling point 
10. 11. l~. 13. 14. 15 
4.5,6, 7, 8, 9. 10 
16 .. 17, 18. 19 
I. 2. 3, 20 
Area's code (main 
oelitiries) 
INDI 
Sulfuric acid production 
Fertilizer production 
Iran. sted manufacturing 
Oil products treating 
CITY 
Commercial-urban actirities 
IND2 
Ct:ment production 
Various handicrafts 
Urban activities 
RUR 
Agdcuhural activities 
Light indusuy 
At'erage Iraffic 
densil)' 
(t'ehicleslh) 
2950 
2500 
2225 
<1000 
The mean Pb levels in roadside dust from the 20 samplinq 
points (427 ~g.g ) is in good agreement with that reported 
by other investigators for the city of Thessaloniki, (22,23) 
but they are higher than reported for Athens. (24) 
However,when compared·with other cities of the world.Thessa-
loniki seems to be less contaminated by lead. (19,20,25,26) Of 
course,the selection of representative sampling points iS,in 
this case of great importance. 
Roadside dust in Thessaloniki was found to have a mean Zn 
level of 448 ~g.g that i6 quite similar to those reported 
for other cities. (24,25) Zn concentrations seem to have a po-
sitive relation with the traffic conditions rather than the 
traffic density.Thus, they were higher in dust sampIes col-
lected near the signs and corners (sampling points 5,6 and 
10),where the tyre wear is higher.However,some contribution 
of industrial soure es to the overall Zn burden should not be 
excluded. 
The ratios of Pb to Zn concentrations presented in Table 6 
show a wide variation. Higher ratios were determined along 
main traffic roads,whereas smaller in less frequented by 
traffic sites. The mean ratio,compared to the natural 
background levels show a 5-fold enrichment factor. (24) 
In order to evaluate the elemental enrichment in roadside 
dust,the enrichment factors (EFs) of all elements were 
calculated with respect to their distribution in the earth's 
crust. (16) The EF for an. element X in dust was considered the 
same as for air particulate matter(17) 
(Cx/CFe) dust 
EF-----------------
(Cx/CFe) crust 
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Thus,elements originating from the eart's crust should have 
EF values close to unity,while those resulting from other 
sources higher than unity. 
The results of EF calculations are given in Figure 2. It is 
seen that the mean EF values of Mn,Co and Cr are between 0,5 
and 6,0. Sources of "these elements are probably crustal 
materials, The mean EF values of the rest of the elements are 
much higher (10-70) indicating non-crustal sourees. 
The correlation matrix of the elements determined at the 20 
sampling·points is presented in Table 5. High correlation 
coefficients were found "between elements mainly coming from 
crustal sources (Mn,Co,Cr). 
Among the elements originating from man-made sources,Sb was 
found to be positively correlated with Pb and Zn. This could 
be attributed to the fact that antimony is widely used by the 
car industry in anti-friction alloys that car contain Sb up 
to 13% (16) 
High correlation coefficient was also found between Pb and 
Br,probably due to the use of leaded gasoline. 
Table .:1 Sensonal elementnl concentrations in roadside dust of the nrea of Thessaloniki 
(Summer 198i-Spring 1988) 
Elemem Sampliltg polm 5 (CITY) Sampling polm 12 i/ N D I) 
Su Au Wi Sp Su Au 11'; Sp 
Fe Img'g-') 31.4 28.5 25.2 22.6 32.0 26.1 31.3 100.2 
Cr(l'g'g-') 259 281 176 89 63 158 156 968 
Cr (118' g- ') 14.2 7.6 8.7 11.6 7.6 4.5 9.1 33.3 
Pb (I'g' g - ') 732 1343 1675.1 622 119 911 159 461 
Zn (I'g' g - ') 1975 789 840 739 191 834 399 870 
Mnll'g'g-') 386 187 261 162 190 415 849 299 
Cd (I'g' g - ') 1.10 n.d. 3.45 0"65 n.d. H6 n.d" 
AS(l1g'g-') 78.1 24.7 7.0 16"2 219 376 197 563 
Sb II18'g-') 4.16 7.1 9"21 3.1 2.20 1.90 4.08 13 
Se (/,g' g- ') n.d. n.d" n.d. 0.11 n.d. n.d. 0.72 
Brl/,g'g-') 112.2 173.3 188.0 84.8 9.2 13.3 23.5 41.1 
n.d.: Non·detecled. 
Table 5 Mcan" elemental concentrations in roadside dust of the area of Thessaloniki 
Sampling Fe Cr Co Pb Zo Mn Cil As Sb Se Br 
area (nI}!·g-l) Ü,g-g-') (pg-g-') (I'g-g-') Ü,g'g-') (I')('"g-') (I'g-g- ') (I'g' g- ') (pli'g-') (I,g- g- ') (I,g'g- ') 
RUR I 38.8 1469 50.5 234 85 683 1.50 5.9 1.06 n.d. 1.1 
2 23_0 1442 25.4 67 42 445 2.06 7.1 0.24 n.d. 1.8 
3 22.9 338 10.4 60 208 281 1.80 10.0 0_97 0.1 5 5_8 
20 13.0 46 5.6 102 98 152 n.<.1. 9.9 0.65 n.d. 9.1 
CITY 4 20.1 90 8.9 454 431 256 1.68 10.3 1.69 0.28 110.4 
5 26.9 201 105 1094 1086 249 1.30 31.5 5.39 0.01 139.6 
6 23.7 139 8.9 771 807 349 0_90 16.7 7.09 0.07 113.8 
7 26.4 210 10.5 936 214 253 1.47 14.2 4_18 0.73 153.9 
8 25.4 102 8.0 589 583 353 1.01 24.1 4.78 0.46 36.9 ;s: 0 
9 3i.9 166 8.7 575 517 347 0.62 179.2 6.65 n.d. 52.7 "-. 
. INDI 10 29.2 170 9.3 431 1924 383 0.41 645 6.49 053 . 18.1 g S' 
11 28.3 244 10_0 313 .331 258 2.74 33_7 3.64 0_04 8.2 
'" 12 47.4 336 13.6 413 574 438 1.29 338.6 5.30 0.24 21.8 ~ ~ 
13 41-_8 362 105 506 207 428 2.62 200.6 3.59 0.66 17.2 ~ 
14 23.5 116 4.3 306 176 307 1.78 40.0 1.39 052 11.7 ;s: 
0 
15 53.2 240 8.4 255 217 352 2.64 67.2 2.87 0.29 14.0 ~ ~ 
IND2 16 19.0 97 9.6 730 177 226 n.d. 235 1.79 0_97 66.2 S' 
1.72 '" 17 23.9 161 8.3 420 567 260 0.36 29.9 0.31 47.1 
18 30.0 371 8.9 611 474 493 0_22 65.8 3.30 0_03 47.2 
S' 
19 50.3 1332 1R.9 567 239 274 0.65 107.4 3.42 150 17.2 
~ 
=-
• 
'Of rour samplings: (onee a season) during the perioJ Summer 1987-Spring 19l:tß. ;s: 
lI.d.: Non-detected. • • 0 
• n 
~ 
.-
~ 
~ 
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Brewer Spectrophotometer Measurements in the Industrial 
Area of Thessalonikl 
A.G. Kelessis and N.M. Zoumakis 
Laboratory of Atmospheric Physics, Technological Edueation 
Institute (T.E.I.), P.O.Box 14561, Thessaloniki 54101,Greece. 
ABSTRACT 
Total ozone, sulphur dioxide and nitrogen dioxide measurements have been 
made with the Brewer spectrophotometer #036, in the industrial area of 
Thessaloniki (40.4° N, 22.8° E), in Northern Greece. The Brewer 
spectrophotometer was operated reliably for more than two years of 
observations. The diurnal and seasonal variation of these pollutants can be used 
to characterize the air pollution situation of the greater Thessaloniki area. 
INTRODUCTION 
Today's concern about the quality of the earth's atmosphere increased the 
demand for high-precision measurements of primary atmospheric pollutants, 
such as sulphur dioxide, ozone, and nitrogen dioxide. Worldwide increasing 
trends of S02 and N02, their long-range transport and relation with acid rain 
problem!, and the partial destruction of the earth's ozone shield by 
anthropogenie pollution2,3 led to the necessity of continuous monitoring of 
these poJlutants. Since early 1970's total burden of S02 has been included as an 
essential indieator of loeal and regional pollution. The increased S02 concentra-
tions, in large urban centers and industrialized areas, that occur at both 
ground-Ievel and aloft4, ean be measured by ground based remoting sensing 
instruments. The importance of N02 in controlling ozone layer
5
,6 has been 
extensively studied, but total ground based N02 columnar measurements are 
limited in estimating the amount and seasonal variability of N02 
abundance7,S,9. The determination of global total ozone amount and trend needs 
a large number of accurate measurement stations, preferably distributed in a 
uniform pattern around the globe. Also, ground based total 03 observations are 
used to validate satellite lotai ozone instruments performance. 
23 
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An observation al program was established to monitor (by measuring solar 
UV and visible radiation) total S02' 03 and N02, in the industrial area of 
Sindos-Thessaloniki with Brewer #036 spectropho tometer1o,11,12. Urban 
Thessaloniki with 800,000 inhabitants, is located in Northern part of Greece 
(40.4°N, 22.8°E) covers an area of about 200km2. Most industrial activities are 
located to the NW of the city, emitting 25000 tons of S02 and 10000 tons of N02 
approximately per year13,14. 
INSTRUMENTATION 
The total columnar S02' 03 and N02 measurements presented here are direct 
sun observations, made with the Brewer spectrophotometer #036, in the 
Technological Education Institute of Thessaloniki, located near the industrial 
area of Thessaloniki. 
Ozone and sulphur dioxide have strong absorption bands in the ultraviolet 
region of the solar spectrum. Brewer spectrophotometer #036 is a commercial 
monochromator capable in measuring the intensity of the UV-solar beam at six 
wavelengths 302.2, 306.3, 310, 313.5, 316.8 and 320nm with a 0.6nm resolution. 
The 302.2nm is reserved for calibration checks with a mercury lampl2. Total 
columnar 03 and S02 amounts are derived from measurements of solar inten-
sities in the five remaining channels by applying a semi-empirical algorithm 
designed to reduce the effects of aerosol and molecular scattering and also 
random inhomogeneites in transmittance. Details on the instrument algorithms 
and performance may be found in Kerr et al. 11,12. 
Nitrogen dioxide has strong absorption bands in the visible region 
(between 430-460nm) of the solar spectrum. Brewer spectrophotometer #036 is 
measuring light at five wavelengths simultaneously 431.4, 437.3, 442.3, 448.1 and 
452.3nm with a 0.85nm resolution. The method used to estimate total N02 
columnar amount is based on similar semi-empirical algorithm. Light inten-
sities at the five visible wavelengths are linearly combined to reduce Rayleigh 
scattering, ozone absorption and other atmospheric parameters (cloud, 
haze, et~.f,IS. 
To ensure the stability of the Brewer instrument several tests were 
performed on a daily basis. The most important tests, the mercury calibration 
and standard lamp tests are performed several times during the day. The 
mercury lamp test ensures the proper measuring wavelength setting of the 
spectrophotometer while the standard lamp test gives informations on 
the spectral sensitivity and stability of the instrumentll ,12,16. The 
spectrophotometer was found to be very stable throughout the two years of 
the measurements periodl7. 
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RESULTS AND CONCLUSIONS 
Measurements of stratospheric ozone concentrations exhibit a substantial 
variance which varies with loeation and season. Continuing concern about pos-
sible effects upon stratospheric 03 by chemieals released into the atmosphere 
requires monitoring in a regular base, in determining any long-term changes in 
total ozone concentrations. Figures 1 and 2 show the monthly values of total 
columnar ozone in the industrial area of Thessaloniki. As it was expected the 
peak in the spring-time and the low values in autumn are clearly observed17. 
The presented columnar values are also in accordance with those measured in 
the urban Thessaloniki arealS. 
Columnar S02 and N02 measurements stress the importance of sources 
that discarge N02 and S02 in the mixing layer. Variation in concentrations 
ret1ect both variations of sources and intensity of mixing in urban and 
industrialized areasI6•19. The seasonal variability of the stratospheric N02 
column also int1uences the total columnar N02 abundances
17
•
20
. The 
diurnal variation of total N02 and S02 columnar hourly departures, 
C. = 100[(C-C~)/C~1, are resented in Figures 3 and 4 for a winter (January) and 
a summer (July) month, respectivrly, (where C~ is the 24-hr averaged total 
concentration). The diurnal variation of N02 has maximum concentrations 
during the loeal-noon hours (Figure 3). The higher winter S02 columnar values 
du ring the morning hours (Figure 4) are due to the spatial and temporal varia-
tion of the S02 sources and horizontal and verlical dispersion 
parametersI9.21.22. In the early afternoon hours, columnar S02 is declining 
mostly due to the increasing ventilation and the decreasing of loeal sourees. The 
diurnal variation during the summer period is due to the large mixing height 
diurnal variability and the prevailing sea-breeze and land-breeze wind 
patternsI6•23, which couse the evening peak on S02 industrial columnar values. 
In conclusion, Brewer spectrophotometer was operated reliably in the industrial 
area of Thessaloniki, indieating the importance of long term seasonal and 
diurnal observations and the necessity of their continuation. 
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The Air Pollution Abatement Programme of Thessaloniki (APAPT) is a three-years 
coordinated consulting activity (1988-1991) wh ich is administered by the Organiza-
tion for Planning and Env. Protection of Thessaloniki and aims at : 
a) the survey of emission sources in the Greater Thessaloniki Area (GTA) 
b) the calculation 01 emitted pOllutant loads 
c) the proposal of immediate relief measures and an overall strategy for the 
continuous monitoring and control of Air Pollution in the GTA. 
By means of consulting activities carried our by specialized offices and experts as 
weil as university research teams (Annex I), the Programme, at an overall cost of 63 
M Drs examines all major sources of air pollution such as vehicle traffic, industry and 
domestic heating regarding criteria pollutants (S02, Nox, VOC, CO, TSP, black 
smoke) and special pollutants and nuisances (smells etc) where appopriate. 
Separate activities are dedicated for the survey of meteorology and micrometeoro-
logy of the area, the assessment of existing air quality measurements and the con-
struction of comprehensive dispersion models for the simulation of the existing situa-
tion as weil as the testing of alternative scenarios of pollution control measures. 
The source surveys inlude 
a) a quantitative assessment of pollution loads emitted from each separate source 
b) the proposal of alternative applicable solutions, based on international 
experience, for the reduction of existing emissions, accompanied with cost-
efficiency data 
c) an optimized selection of pollution reduction measures out of possible alternatives 
that present the best efficiency at a relatively low cost. 
The final assessment of the feasibility and priority of alternative solutions (including 
the no intervention case) is done on the basis of a common cost·benefit criterion, 
where cost is defined as the direct application cost and the benefit as the efficiency 
in emmision reduction (calculated as drs. per yearly tonne of pollutant removed) 
together with the ranked priority of the pollutant in concern. The lalter depends on 
the "hazard" that the specific pollutant presents on the air quality of the area and is 
identified from the correlation of measured immision concentrations against EEC air 
quality standards applicable in GTA. 
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As expected traffie is responsible for praetieally all CO emitted in the area and for 
the major part of the NOx and VOC emissions. Industrial operations are responsible 
for a very signifieant part of S02 and TSP emissions and a considerable part of 
smoke, NOx and VOC emissions. Domestie heating, though not an overall eritieal 
polluter plays a deeisive role in smoke and S02 pollution during winter periods. That 
is beeause of the timely eoneentrated emissions in the period November-March as 
weil as their unfavourable dispersion characteristics (source concentration in the 
built area, low stack heights, emission concentrations in the unfavourable night 
hours). Computer simulations show that domestic heating, though responsible for 
30% of S02 f!missions during winter months attributes up 10 85% of S02 imission 
concentrations in the city centre. 
The emission densities are rather high and equal the densities calculated for Athens 
in 1985 for CO and VOC, while they exceed them for S02, NOx and TSP/Smoke. 
That is due to the following reasons : 
- very high residential densities in the built areas - lack of open spaces 
- aged vehicle fleet (mean car age 12 years), badly maintained in coniunction with 
infficient Public Transport 
- bad maintenance of domestic and industrial boilers, inadequate air pollution control 
at industrial and commercial operations. 
In 1989 following days with measurements above existing air quality limits have been 
recorded in the three continuous monitoring stations operated in Thessaloniki. 
Tabl.3: Nr. of days wnh measurements above limits in GTA (1969) [8.3J 
Pollutant Monitoring Stations 
1(1) 11(2) 111(3) 
CO 0 6 0 
TSp(4) 20 0 18 
Smoke(5) 0 
S02 5 0 1 
NO~ 3 25 6 
°3 ) 6 
(1) City Centre 
(2) City Centre, heavy traffie loeation 
(3) City Limits, boundary of industrial zo~e 
(4) measurements in Stations land 111 in the first 5 months only 
(5) not measured in station 11 
Air Qua!ity Standards: CO 
TSP 
Smoke 
S02 
N02 
03 
8 concecutive hourly values maan: 10 mg/m3 
(95 parcanble) da1ly maan valua: 300 Ilg/m3 
(98 parcanble) houtly valua: 250 l1g1m3 
(98 parcenbJa) hourJy value: 250'35011:flm3 
(98 percenbJe) hourly vaJue: 200 l1g1m 
[W.H.O.limil] hourly value: 200 119fm3 
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GTA with an overall population of nearly 1 m. inhabitants is the seeond largest urban 
aglomeration in Greeee eomprising some 17% of the national industrial potential, 
heavy merehandise transport and a vehiele fleet of so me 280.000 vehicles in 1989 
(base inventory year of the Programme). 
It is sited at the inmost part of Thermaikos Gulf on a smooth terrain whieh is 
extended wastwards to the Thessaloniki plain and is surrounded north and 
eastwards by hills of progressive height ending up at the mountain of Hortiatis 
(height 1200 m) at the east. Prevailing winds are of N - NW direetion in winter and 
S-SE direetion in summer, though very high (up to 45%) ealmness has been 
reeorded, espeeially during night-time (from 22.00 to 08.00 L.T.) throughout the year. 
The area shows relatively low rainfalls and cloudness and extremely low surfaee 
invertions during nights, especially during winter. 
The built area of some 13.000 ha has a lenghty shape parallel to the eoast and is 
surrounded by major industrial agglomerations to the N - NW and residential 
eonurbations to the E - SE. Virtually all emissions take place in a stripe 01 120 km2 
surfaee and a depth of 3 up to 7 km along the coast 01 Thermaikos Gulf. In the 
above area it is estimated that following fossil luels were burned in 1989 for 
industrial, domestie and automotive use. 
Table 1: Fossil Fuels burnt in GTA in 1989 (in tonnes) 
LPG and gaseous lules : 
Gasoline (auto motive) : 
Distilate oil (auto motive, 
domestic, commercial) 
Residual oil (industrial) 
Solid luels (industrial) 
80.000 
230.000 
580.000 
220.000 
130.000 
Table 11 summarizes the emission inventory 01 1989 in the GTA, as it has been 
constructed by the various techno·economical studies 01 the APAPT. (Annex I) 
Table 2: Air Pollutant Emissions in the GTA (1989) 
SOURCE POLLUTANT (in KT and %) 
co TSP Smoke S02 NOx VOG 
Traffie 76.2 97.4 1.16 3.6 0.87 25.1 0.36 1.5 4.52 55.1 11.23 7.6 
Dom. He,ting 1.17 1.5 0.78 2.4 0.78 22.5 3.98 17.3 0.90 11.0 . 
lndustry 0.86 1.1 30.36 94 . 1.81 52.3 18.71 81.2 2.79 33.9 3.55 24 
TOTAL 78.23 100 32.30 100 3.46 100 23.05 100 8.21 100 14.78 100 
• Less than 0.5% 
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Table 5 summarizes the mean values of pOllutant recorded in 1989 in stations I and 111. [0.3] 
PoJlulant Statlon 
I Irr 
(1) (2) (3) (1) (2) (3) 
CO (mg/m3) 2,1 3,9 (01) 1.3 (04) 1.4 1.8 (10) 0,9 (OS) 
TSP (~g/m3)(4) 288 366 (01) 221 (05) 317 421 (01) 245 (05) 
Smoke (jJg/m3) 43 80 (01) 17 (07) 52 97 (01) 30 (07) 
S02 (jJg/m3) 142 290 (01) ·71 (06) 150 186 (12) 109 (07) 
N02 (~g/m3) 58 75(08) 45 (01) 49 75 (01) 37 (07) 
03 (~g/m3) 48 78 (09) 10 (06) 47 81 (06) 18 (12) 
(1) Yearly average value 
(2) maximum monthly average (month recorded) 
(3) minimum monthly average (month recorded) 
(4) data of th. first 5 months only available 
Though the existing air quality data are found to be insufficient, mainly for the years 
preceeding 1989, following conclusions can be deducted : 
a) TSP values are constantly in excess of the air quality limits, 
b) Smoke values increase significantly during winter and, though not exceeding the 
set limits, present a threat to the air quality in GTA, 
c) S02 values are weil above limits mainly during winter and call for immediate 
action. 
d) Sporadic incidents are recorded with an ever increasing frequency of high CO 
and N02 values especially in areas with heavy traffic, 
e) There is an indication of considerable ozone formation in the city boundaries 
especially in the transient periods (spring, autumn) which show favourable 
conditions (high temperatures and solar radiation, calmness) for photochemical 
activity. 
The collected air quality data indicate measures to be taken in the following main 
directions : 
a) TSP control, mainly at in dust rial sources 
b) Reduction in S02 emissions. 
c) Smoke control in industry, domestic heating and diesel powered vehicles. 
d) Control of emissions from gasoline powered vehicles. 
Towards the end of 1989 two major S02 reduction measures have been taken in 
GTA, Le. the installation of a sulfur scavenger plant in the existing crude oil refinery 
and the reduction of sulfur in the commercial distilate oil from 0.5% to 0.3%, reducing 
thus the overall S02 emissions fram 43 KT Iyear in 23 KT Iyear. This proved to have 
a significant beneficial impact in S02 consentrations, as shown from measurements 
in the following years. 
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From the beginning 01 1991 a benelicial taxation scheme is applicable in GTA (as 
weil as all over Greece) lor the withdrawal 01 old cars and the purchase 01 new ones 
equiped with catalytic converters. 
This measure has a critical impact on the renewal 01 the aged car Ileet in GTA, as 
during 1991 some 25.000 car owners in Thessaloniko look benelit 01 it and replaced 
their cars at an estimated cost 0162.5 B. drs. On the assumption that the new cars 
will drive the same mi/eage in GTA as the old ones a yearly emission reduction 01 
12.2 KT in CO (16% overall), 1.5 KT in VOC (10%) and 0.3 KT in NOx (3.6%) is 
expected. [A.24] 
Whi/e assessing the impacts 01 these two major changes in pollutant emissions in 
GTA, the APAPT has lormulated lollowing pollution abatement programmes 01 
immediate applicabi/ity : 
I) Dust Abatement Programme at industrial and lugitive Sources 
By introduction 01 up·to·date dust contral technology in 11 major industrial branches 
operating in GTA (cement and concrete manulacturing, non metallic minerals, 
asphalt paving plants, brick and ceramic manulacturing, secondary steel and lead 
production, lertilizers, grain mills, tobacco manufacturing) an overall TSP emission 
reduction 01 27 KT per year can be achieved at ammortized annual costs ranging 
Irom 0.03 m. drs/yearly/tonne removed up to 5.2 m. drs/yearly/tonne removed and 
an estimated overall investment 014.8 b. drs (1989 values). [A.2·A.23] 
The Programme is complemented with lollowing measures : 
• control 01 bulk road transler 01 dusty materials 
· regular sweeping 01 major roads with heavy truck traffic 
· relocation 01 limestone and gravel quarries outside GTA. 
Its implementation is expecled to have signilicant benelicial effects on the TSP 
imission levels in GTA. 
11) Smoke Control Programme in domestic, commercial and industrial Boilers and 
diesel powered vehicles 
Poor operation and maintenance standards in boilers and diesel powered vehicles is 
resulting in excessive amounts 01 luel consumption and smoke emission. Thus, 
considerable reductions in luel consumption and smoke emissions can be achieved 
by introducing periodical preventive Maintenance and Inspection Programmes. 
[A.14, A.24, A.25] 
It is estimated that a seasonal maintenance and smoke and thermal efficiency 
control in the c.a. 12.000 central heating boilers in GTA with an implementation cost 
01240 m.Drs can result in smoke emission reductions 01 up to 25% Irom this source 
representing 0.2 KT annually (or 6% overall) and an efficiency improvement 01 10% 
leadindg 10 annual lu el savings 0128 KT with a commercial value 012.5 b. drs. 
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An analogous situation applies to commercial and industrial boilers, where half of the 
units operate below the acceptable efficiency standard 01 80% and some 65% 
above the allowable smoke emission standard of Bacharah scale 1. A test control 
programme in 1989-1990 constisting of periodical controls perlormed by inspectors 
of the Organization of Thessaloniki showed considerable amelioration in the 
operation standards. [A.14] 
Other proposals 01 the APAPT include : 
The staged implementation of a structural measurement stations network (extension 
of the existing one) to cover both meteorological and air quality measurements. [B.2] 
It is designed for the e10se monitoring of the main existing sourees, the full coverage 
of photochemical precursors, and the quick retrieval and transfer of data to all 
interested parties through terminal telecommunication and has an incremental 
implementation cost of 400 m. drs. 
The back-up for the restructuring of the public transport system in GTA and the 
control of privat car use in the city, and for other planning interventions such as 
traffic avoidance in narrow streets presenting a "street canyon" effect etc. 
The environmental feasibility assessment and the orientation towards a quick 
penetration 01 LNG use for industrial, commercial and domestic purposes 
especially in the densily populated city areas. 
Fine tunings and the buildup of an integrated strategy for the air pollution eontrol of 
GTA, especially regarding photochemical pollution will be supplemented when the 
linal da ta of a coordinated campaign of meteorological and photochemical 
precursors and indesces measurements, wh ich is performed in autumn 1991 and 
reported elsewhere in the seminar will be available. This is expected in spring 1992. 
On this basis the degree of intervention on NOx and VOC will be decided together 
with other lactors inlluencing air pollution in GTA, such as stack heights, 
identilication and preservation 01 clean air channels in the eircumferance 01 the buHt 
area, diurnal planning 01 intensity 01 traffie and city operations (shopping hours) etc. 
It is expected that upon this integration, and provided that it will be frequently 
updated, the bulk 01 data and know-how, gathered by APAPT will provide a valuable 
tool lor planning 01 development and environmental protection of GTA. 
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ANNEX I 
Studies and Consulting activities of APAPT 
A. Technoeconomical Source Oriented Studies. 
1. Technoeconomical Study 101 emissions reduction Irom crude oil refineries in GTA, 
S. Konstas Ud, Organization 01 Thessaloniki, 1989. 
2. Technoeconomical Study lor emissions reduction from petrochemical plants in 
GTA, G. Stavropoulos et al., Organization 01 Thessaloniki, 1990. 
3. Technoeconomical Study lor emissions reduction from inorganic acids 
productlon, lertilizers and CFC's in GTA, S. Konstas Ud., Organization 01 
Thessaloniki, 1989. 
4. Technoeconomlcal Study lor emissions reduction from secondary steel 
production in GTA, G. Tsekouras et al, Organization 01 Thessaloniki, 1989. 
5. Technoeconomical Study lor emissions reduction from cement manufacturing 
plants in GTA, D. Oikonomidis et al, Organization 01 Thessaloniki, 1989. 
6. Technoeconomical Study lor emissions reduction Irom electrolytic manganese 
oxide manulacturing plants in GTA, D. Diakoulakis et al, Organization 01 
Thessaloniki,1991. 
7. Technoeconomical StUdy lor emissions reduction Irom brick and ceramic 
manulacturing in GTA, A. Amiroglouet al, Organization 01 Thessaloniki, 1990. 
8. Technoeconomical Study lor emission& reduction Irom pesticides manulacturing 
in GTA, D. Zafiropoulos - S. Konstas, Organization 01 Thessaloniki, 1989. 
9. Technoeconomical Study lor emissions reduction Irom grain mills, starch and 
leedstock manulacturing in GTA, N. Va kalis et al, Organization 01 Thessaloniki, 
1989. 
10. Technoeconomical Study lor emissions reduction Irom tobacco manufacturing in 
GTA, A. Stergiou et al, Organization 01 Thessaloniki, 1991. 
11. Technoeconomical Study lor emissions reduction Irom tyres manulacturing in 
GTA, D. Oikonomidis et al, Organization 01 Thessaloniki, 1990. 
12. Technoeconomical Study lor emissions reduction from chipboard manulacturing 
plants in GTA, G. Pitsavas et al, Organization 01 Thessaloniki, 1990. 
13. Technoeconomical Study lor emissions reduction Irom asbestos-cement 
manulacturing plants in GTA, D. Oikonomidis et al, Organization 01 Thessaloniki, 
1989. 
14. Technoeconomical Study lor emissions reduction from industrial boilers in GTA, 
M. Radou et al, Organization 01 Thessaloniki, 1989. 
15. Technoeconomical Study lor emissions reduction Irom IIme kilns in GTA, P. 
Kokorotsikos et al, Organization ofThessaloniki,1991. 
16. Technoeconomical Study lor emissions 'reduction from asphalt paving plants in 
GTA, P. Kokorotsikos et al, Organization 01 Thessaloniki, 1991. 
17. Technoeconomical Study lor emissions reduction from non-metallic minerals 
manulacturing in GTA, D. Oikonomidis et al, Organization ofThessaloniki, 1991. 
18. Technoeconomical Study loremissions reduction from concrete batching plants 
in GTA, D. Oikonomidis et al, Organization of Thessaloniki, 1990. 
19. Technoeconomical Study lor emissions reduction from secondary lead smelters 
in GTA, P. Axiotis - P. Chrysohoou, Organization of Thessaloniki, 1990. 
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20. Technoeconomical Study for emissions reduction from secondary iron smelters 
in GTA, N. Bournis - P. Chrysohoou, Organization of Thessaloniki, 1989. 
21. Technoeconomical Study for emissions reduction from Crude oil and oil products 
tanks and transport in GTA, S. Savika and K. Stamelos, Organization of 
Thessalonikl, 1991. 
22. Technoeconomical Study for emissions reduction from metal finishing plants in 
GTA, V. Architektonidou, Organization ofThessaloniki, 1991. 
23. Technoeconomlcal Study for emissions reduction from dry cleaners in GTA, K. 
Nikolaou et al, Organization ofThessaloniki, 1989. 
24. Study for the Determination of spatial and timely distribution of emissions and 
fuel consumption from Vehicle Triiffic in GTA, N. Pattas et al, Organization of 
Thessaloniki, 1990. 
25. Study for the Determination of the Contribution of Domestic Heating in air 
pollution in GTA, M. Chirakaki et al, Organization of Thessaloniki, 1990. 
26. Inventory of emitted Pollutants in the atmosphaire in GTA, A. Hantzaridou et al, 
Organization ofThessaloniki, 1991. 
27. Means for TSP reduction from fugitive Sources in GTA, P. Axiotis et al, 
Organization ofThessaloniki, 1991. 
B. Imission Oriented Studies 
1. Air Pollution in Thessaloniki, K. Nikolaou, Organization ofThessaloniki, 1989. 
2. Study for the design of Network of Air Pollution Monitoring Stations in GTA, K. 
Nikolaou, Organization of Thessaloniki, 1990. 
3. Analysis of Incidents of increased air pollution in GTA during 1989, K. Nikolaou et 
al, Organization ofThessaloniki, 1990. 
C. Dispersion Modelling - Meteorology 
1. Mathematical modelling for the calculation of imission concentrations of inert air 
pollutants in GTA, G. Zerefos, Organization of Thessaloniki, 1991. 
2. Calculation of the formation of photochemical Smog in Thessaloniki, N. 
Moussiopoulos et al, Organization ofThessaloniki, 1991. 
3. Survey of meteorological conditions in the atmosphair of GTA, N. Moussiopoulos -
D. Assimakopoulos et al, Organization of Thessaloniki, 1991 (in conjuction with 
Thessaloniki '91 Measurements campaign carried out by the University of 
Thessaloniki, National Observatory of Athens, KFA Julich and Ruder Boskovitch 
Instttute under the Coordination of Prof. N. Moussiopoulos). 
D. Related Publications 
1. The Air Pollution in GTA in the period Jan.-Oct. 1987, A. Vavatzanidis - N. 
Bournis, Ministry of Macedonia Thrace, 1988. 
2. The Air Pollution in GTA in 1988, A. Vavatzanidis - N. Bournis, Ministry of 
Macedonia Thrace, 1989. 
3. The Air Pollution in GTA in 1989, A. Vavatzanidis - N. Bournis, Ministry of 
Macedonia-Thrace, 1990. 
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Thessaloniki '91 Field Measurement Campaign 
Organization 
N. Moussiopoulos 
Laboratory of Reat Transfer and Environmental Engineering, 
Aristotle University Thessaloniki, 54006 Thessaloniki, Greece 
ABSTRACT 
The analysis of the dispersion characteristics and primarily the estimation 
of the photosmog formation potential were tha aims of the field measure-
ment campalgn performed in the Greater Thessaloniki Area in the period 
15 September - 13 October 1991. In this campaign wind and immission 
data .w~re monitor~d at twelve location~, mostly in the peripherr of Thes-
salomkl. An acoustlc sounder was operating downtown on the roo of a nine 
store building, where radiative fluxes were measured as weil. Tethersonde 
ascends were performed at two locations to obtain vertical profiles of both 
meteorological quantities and the ozone concentration. 
INTRODUCTION 
The pollutant concentration levels in Thessaloniki certify the necessity for 
a rational strategy to abate alr pollution. The experience from Athens 
shows that, as air pollution control is concerned, it is useless to pursue 
short-term results, as this misleads the authorities to improvised measures 
of doubtful effectiveness. At best, measures of this kind aim to minimize 
pollutant emissions and not, as they should, alr pollution levels. The re-
striction to such measures not only prohibits an optimization of the alr pol-
lution abatement strategy, but it also runs the risk of unpleasant surprises, 
as for instance even an increase in secondary pollutant concentrations in 
spite of a decrease of primary pollutant emissions. 
The pollutant concentrations resulting from given emission levels de-
pend on the physico-chemical mechanisms governing atmospheric disper-
sion and transformation of alr pollutants. These mechanisms, on the other 
hand, are deeply infiuenced by the meteorological conditions and the topa-
graphy in the area of interest. So, it is of paramount importance to under-
stand in each case prevailing local circulation systems (e.g. sea breeze cir-
culation, mountain and valley winds, heat island phenomenon) and the di-
urnal variation of the mixing height. 
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From the above it follows that for a proper air pollution abatement in 
Thessaloniki it is essential to describe in detail the dispersion and trans-
formation mechanisms of pollutants in the atmosphere of the Greater Thes-
saloniki Area (GTA). Such a description maY'ultimately lead to numerous 
important benefits. Examples are 
~ the calculation of how various polluters from different parts of the GTA 
contribute, depending on the meteorological conditions, to the occurence 
of elevated concentrations of specific species at certain locations, 
~ the prediction of air pollution levels for the next future (e.g. the next 
day) on the basis of the synoptic weather forecast, 
• the estimation of the long-term trend of the air pollution levels depend-
ing on supposed changes in infrastructure and/or physical planning and 
• the verification of the effectiveness of certaln pollution abatement meas-
ures for their reliable a-priori evaluation (Le. a cost-to-benefit analysis). 
WHY A FIELD MEASUREMENT CAMP AIGN? 
Results of previous studies on air quality in the GTAI 2 as well as meas-
ured data from the permanent monitoring network reveal relatively high 
concentrations of suspended particles and of photochernical smog precur-
sors (nitrogen oxides, hydrocarbons and, to a lesser extent, carbon mon-
oxide). The available data do not suffice to safely estimate the photochem-
ical smog levels, because the existing measuring stations do not allow re-
presentative measurements of ozone, the main indicator of photochernical 
smog. 
Adescription of the photochemical smog levels in the GTA should be 
based on the application of contemporary mathematical models 3 and the 
results of a field measurement campaign. The latter does not ouly allow an 
immediate investigation of physico-chemical phenomena, but it may also 
provide the basis for model verification. Field measurement campaigns are 
generally considered as the only method for reliable experimental analyses 
of dispersion and transformation phenomena in the atmosphere. 
The aims of a temporary measuring network like the one instalIed 
during an intense campaign differ substantially from those of a permanent 
monitoring network: The purpose of the latter is to monitor continuously a 
few selected variables at a few selected locations. By this continuous moni-
toring the authorities may anytime detect exceedances from given air qua-
lity standards and, if indicated, take proper emergency measures. However, 
data from the permanent monitoring network are far too sparse to describe 
the three-dimensional distribution of the measured variables. Furthermore, 
a permanent monitoring network normally includes only stations operating 
at ground level. CorrespondingIy, practically no information on the vertical 
variation of the measured variables is available. This, however, is a major 
shortcoming, as many of the ground level measurements are decisively 
influenced by both pollution sources and the ground itself. 
From the above it is evident that it would be wrong to consider a tem-
porary measuring network as a substitute of the permanent network. On 
the contrary, the two networks are to a large extent complementary and 
only by taking profit of both it is possible to collect all data needed to 
optimize the air pollution abatement strategy. Of course, it is advisable to 
operate the temporary network during periods with high pollution levels in 
the area of interest, Le. at times, when air pollution abatement is most 
urgently needed. 
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In summary, a complete field measurement campaign usually contains: 
~ Measurements of meteorological data and pollutant concentrations at 
ground level by the aid of stationary or mobile measuring units. 
~ Measurements of the vertical variation of selected meteorological data 
and pollutant concentrations as weil as the diurnal variation of the 
mixing height. In addition to ground based methods (e.g. soundings, 
tethersondes, radars) it is possible, though rather expensive, to use 
properly equipped experimental aeroplanes, which may easily provide the 
detailed three-dimensional pattern of the different variables. 
~ In some cases, tracer experiments. By releasing inert gases which may be 
easily detected, even at very low concentrations, it is possible to investi-
gate in detail specific dispersion phenomena of particuiar interest. 
As the niost striking feature of a field measurement campaign, all mea-
surements are carried out simultaneously with the following obvious bene-
fits: 
• Intercomparisons of measured data lead to an increase in reliability and 
allow a detection of mistakes. 
• Correlations among measured data usually result in additional useful 
conclusions. 
• The composition of a complete dataset from available observations al-
lows both to perform a comprehensive analysis of air pollution levels and 
to verify complex mathematical models. 
CAMP AIGN ORGANIZATION 
The first steps towards air pollution abatement in Thessaloniki were rele-
vant studies by scientists of the Aristotle University Thessaloniki and 
actions by the responsible offices of both the Ministry of Macedonia and 
Thrace and the Municipality of Thessaloniki. These previous activities led 
to the installation of the permanent monitoring network in the urban area 
of Thessaloniki. In addition, valuable conclusions were drawn from the in-
vestigations sponsored by the Organization of Thessaloniki in the frame of 
its Air Pollution Study Programme. 
The idea to organize a field measurement campaign in the GTA arose 
in the course of the research project "Adaptation and verification of mathe-
matical models to describe dispersion and chemical transformation of at-
mospheric pOllutants". Nested within the GermanjGreek scientific cooper-
ation, this project is co-sponsored by the German Federal Ministry for 
Research and Technology and the Greek General Secretariat for Research 
and Technology. It is conducted by scientists of the Institute of Meteore-
logy and Climatology of the Nuclear Research Centre Karlsruhe and the 
Laboratory of Heat Transfer and Environmental Engineering of the Aris-
toUe University Thessaloniki. 
The aim being to apply the mesoscale model system MEMO jMARS3 
for the GTA, it was first decided to perform simultaneous ground level 
measurements of the ozone concentration at severallocations in the GTA. 
In particular, ozone analysers were installed at Angelohori, Perea, Pan-
orama, Vlatadon Monastery, Meteora, Langadas, Neohorouda, TEl Sindos 
and Gallicos (Fig. 1). At all these locations meteorological quantities were 
measured as weil. As no electricity was available at Langadas (more prec-
isely, elose to the shore of the Lake Koronia), a photovoltaics system was 
installed for the energy supply of the instruments. 
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Figure 1. Measuring stations during the Thessaloniki '91 field measurement 
eampalgn 
For the best possible preparation of the ozone measurements, the Ger-
man scientists came twice within 1991 to Thessaloniki and inspected the 
pre-selected measuring sites very carefully. Ozone analysers, anemometers, 
data loggers and all other instruments needed for the measurements (total 
value: approximately 500 thousand DM) were sent as alr freight to Greece. 
All analysers were calibrated in Thessaloniki just before the campaign com-
meneed. It should be noted that scientists of the Ruder Boskovie Institute 
Zagreb came to Thessaloniki to participate at the ozone measurements in 
spite of the crisis in Yugoslavia in the seeond half of 1991. 
Given that loeal eirculation systems affeet largely the dispersion char-
acteristics and as the alm of the field measurement campaign was to obtaln 
a more or less complete picture of the transport and transformation mecha-
nisms in the GTA, it was decided to perform additional measurements, 
mainly of meteorologieal quantities. These additional measurements 
inc1uded: 
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~ The vertical variation of the wind velocity, the air temperature and the 
ozone concentration by the aid of tethersonde ascends at the Aristotle 
University Thessaloniki and at the Technological Educational Institute 
of Thessaloniki (TEl) Sindos. The ascends were performed at different 
times of the day up to a height of 700 m above ground level. 
~ Diurnal variation of the structure of the atmospheric boundary layer 
and, more specifically, of the height of the mixing layer by operating an 
acoustic sounder on the roof of a nine-store building of the School of 
Engineering of the Aristotle University Thessaloniki. 
• Radiative f1uxes also on the roof of the aforementioned nine-store 
building. 
• Concentrations of primary pollutants and ozone at Finikas (Fig. 1). 
• Wind velotity at the Aristotle University Thessaloniki and at the loca-
tions Finikas, Meteora and Phaedon (Fig. 1). 
All additional measurements were sponsored by the Organization of Thes-
saloniki. Most of them were set up and performed by scientists of the Univ-
ersity of Athens and the National Observatory of Athens. 
After the successful completion of the campaign the tedious task of 
analysing its results started. A data pool was established to include all 
data measured during the campaign period by both the temporary and the 
permanent measuring network. It should be noted that all authorities in-
volved with the latter willingly transmitted their data to the pool. These 
authorities were the responsible offices of the Ministry of Macedonia and 
Thrace and the Municipality of Thessaloniki, the Hellenic Meteorological 
Service, Laboratories of the School of Natural Sciences of the Aristotle 
University Thessaloniki and the Laboratory of Applied Physics of the TEl 
Sindos. 
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ABSTRACT 
In order to be able to assess the potential of photosmog formation 
and the transport of photo-oxidants in the Greater Thessaloniki 
area, ozone, as an indicator of photochemical smog, was measured 
together with meteorological parameters (wind velocity, wind 
direction, temperature) at nine stations. Each of the nine measuring 
stations spread over an area of about 30 x 30 km2 is equipped with 
an ozone analyser, an anemometer, a thermocouple and a data 
logger. 
First results show that the wind direction, especially in ca se of sea 
breeze events, exerts a strong influence on the ozone concentration 
in air at the various measuring sites. The local topographical and 
meteorological conditions give rise to higher ozone concentrations 
than expected during the night at those measuring sites (Panorama, 
Meteora), which are located above the level of the night-time 
inversion. 
INTRODUCTION 
The emissions from industrial facilities, power plants and traffic are 
responsible for the steady increase in air pOllution and the 
formation of photochemical smog [1]. Photochemical smog is the 
result of photochemical reactions of primary pOlIutants (NOx, the 
oxides of nitrogen, and hydrocarbons) converted by sunlight to 
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secondary pollutants, like ozone, aldehydes, ketones, PAN etc. [1,2). 
All the reaction products of photochemical smog formation are 
termed photo-oxidants. Ozone is the main reaction product and 
thus an indicator of the general level of photo-oxidants. 
In coastal areas the meteorological phenomenon of sea breeze 
might be responsible for the accumulation of high concentrations 
of pollutants in spite of apparently good ventilation [3-6). 
Differences in heating of land and sea surfaces often generate an 
inland flow of air during daytime. However, at night the land cools 
faster than the sea, and the wind may reverse its direction. The 
result is that within the sea breeze cell the air pollutants will be at 
least partially recirculated over the shore line and thus reach levels 
higher than would otherwise be expected. It has been shown that 
land-sea breeze systems influence air pollution transport and the 
local pollution level [3-6). 
OBJECTIVES AND MEASURING SITES 
The main objectives of the measurement campaign conducted in 
the Greater Thessaloniki area are 
-to assess the potential of photosmog in this area, and 
- to study the transport of photo-oxidants in this area, and 
-to validate and verify the dispersion model developed by 
Moussiopoulos et al [7,8). 
All measured wind data and ozone concentrations will be used in 
sensitivity studies of wind field reconstruction with a three-
dimensional wind field model. In addition, vertical sounding of 
ozone concentration and meteorological parameters will result in 
information about the height of the vertical dispersion of ozone. 
Figure 1 shows a map of Greater Thessaloniki with the locations of 
the measuring stations. The area selected for the measurement 
campaign is about 30 km x 30 km in size. We selected these places 
for the stations to take into account the main wind directions. The 
wind blows mostly along the major NE-SW axis. Stations were built 
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at Angelohori, Perea, Panorama, Moni Vlatadon, Meteora, 
Neohorouda, Gallicos, Sindos and at Langadas. Langadas lies behind 
the Hortiatis mountain range on the Lake of Koronia. The Greater 
Thessaloniki area is separated from the Lake of Koronia by this 
range of mountain of up to about 1200 m height. The lake which 
extends about 11 km from NW to SE and is 4-5 km wide is situated in 
a rural area and can act as a sink for air masses, especially during the 
night. This offers the possibility of studying transport phenomena 
and processes of air mass transfer over the mountain ridge. The 
stations Neohorouda, Meteora and Panorama are located on the 
western side of the mountain ridge, about 10 km distant from each 
other and at about 200 m altitude. The stations Angelohori, Perea 
and Gallicos surround the Bay of Thessaloniki and are located 
directly on the shoreline at about 10-20 m altitude. The site of the 
Angelohori station is a small cape separating the Bay ofThessaloniki 
from the Gulf of Thermaikos. All the nine measuring sites - with the 
exception of the one at Moni Vlatadon - are located outside of the 
City of Thessaloniki. There, the local stations of the Ministry of 
Northern Greece as weil as those of the City of Thessaloniki will 
measure the concentrations of primary pollutants like NOx, CO, S02, 
hydrocarbons, ozone and dust during the whole measurement 
campaign which is scheduled for mid-September to mid-October 
1991. 
ANAL YTICAL INSTRUMENTATION 
Generally, the ozone concentration, wind velocity and wind 
direction as weil as the temperature are measured at every station. 
The temperature is measured with thermocouples made of copper-
constantan. The wind direction and wind velocity are measured 
continuously with anemometers (Model 14512 I, Lambrecht, 
Göttingen) on a pole of 5 m height above the ozone sensor. The axis 
of rotation of the anemometer is connected to the slide of a ring 
potentiometer inside the housing. The wind direction can be 
calculated by means of resistance measurements made between the 
ends of the potentiometer and the position of the slide. A chopper 
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blade inside the housing rotates at the same speed as the cups of 
the anemometers. Light reaches a photodiode through holes in the 
chopper blade. The photodiode generates pulses whose frequency 
is proportional to the velocity of the wind. Before the measurement 
campaign all anemometers were calibrated in a wind tunnel in 
Karlsruhe. 
All ozone analysers operate on the principle of photometrie 
detectiori of the specific absorption of UV light by ozone [9]. The UV 
absorption measurement technique is based on the capability of 
ozone to absorb the wavelength of ultraviolet radiation at 254 nm. 
The ozone analyser measures alternately ambient air with ozone 
and ambient air without ozone. Ozone-free air is obtained by 
passing ambient air over ascrubber which specifically removes 
ozone. The valve for the two paths is actuated by a microprocessor. 
The difference between the two responses is the absorption due to 
ozone. The microprocessor solves the Lambert-Beer law and 
calculates the ozone concentration expressed in volume fractions. 
The temperature and pressure are measured permanently inside the 
cuvette and the measured ozone concentration is automatically 
corrected for these parameters. All ozone analysers (Modell 008-AH 
Dasibi, Model 03 41M, Environment s.a.) were calibrated with an 
ozone calibrator (Model 1008-pe, Dasibi) before the measurement 
campaign. 
To measure vertical profiles of ozone we have developed in 
cooperation with our licensee GFAS (Gesellschaft für Angewandte 
Systemtechnik, D-7997 Immenstaad) a small light-weight « 1 kg) 
and fast-response ozone sensor [10J. The advantage of this 
instrument is its high sensitivity - detection limit 100 ppt - and its 
fast response time of about 0.1 s. Together with small sensors for 
temperature, pressure and humidity the instrument package, 
payload of 2.5 kg including rechargeable batteries, is ideally suited 
to measure vertical ozone profiles on a balloon. The balloon for 
meteorological experiments will be provided by the Institute of 
Meteorology of the University of Athens. 
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The measuring site on the Lake of Koronia is far away from main 
sources. Therefore, we installed a photovoltaic generator (Fig. 2) 
consisting of 5 m2 of photovoltaic pannels, 4 batteries of 12 V and 
97 Ah and a regulator, type BCR 24 Sh 600 [11). One ozonometer, 
Model 1008 AH, Dasibi was modified for use with 24 D.C. and 
directly powered via the regulator by the photovoltaic generator. 
DATA RECORDING 
All signals generated by the sensors are transmitted to a data 
logger, an instrument used to collect and process data. The 
analogue voltage of the ozone analyser is processed in the logger 
which, finally, yields the volume fraction of ozone, expressed in 
ppb. The temperature is measured in K. The ca libration functions 
for the sensors can be selected by the software of the data logger 
(Model 21 X, Campbell Scientific Ltd.). 
The pulses from the anemometer are measured via a pulse counting 
input. The final output is the wind velocity in m/s, calibrated for the 
sensitivity of the instrument used. One of the excitation outputs of 
the logger provides the power for the resistance measurement 
allowing the components of the wind direction vector to be 
calculated. The wind direction is then determined by these 
components at the end of each measuring period. In our case, this 
was done after 15 minutes, the interval wh ich is necessary to obtain 
mean values. 
The data logger can store about 19,000 data points in its final 
memory. This means that we can store 15-minutes-mean values of 
ozone, wind velocity, wind direction and temperature for about 
four weeks. However, from time to time we collect the stored data 
by means of a small storage module which can be connected to the 
data logger. Without interruption of the measurement, the data 
are transferred to the storage module and, subsequently, to a 
computer for data recording on a floppy disko A data logger next to 
an ozonometer is depicted in Fig. 3. 
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PRELIMINARY RESULTS 
At this early stage of the measurement campaign in Greater 
Thessaloniki, we can report today, on September 27, only very 
preliminary results. For this "Monitoring and Modelling in the 
Mesoscale" seminar, organised within the framework of scientific 
cooperation between the Federal Republic of Germany and Greece, 
we present only a few results and vague conciusions on the data 
collected'during the first week ofthis campaign. 
The diurnal ozone concentrations at the various measuring sites in 
Greater Thessaloniki showed the typical pattern of photochemical 
smog formation: a steep rise in the ozone concentration in the early 
morning hours with a maximum in the early afternoon [1,2]. Ozone 
volume fractions up to 100 ppb were measured at the various 
stations. Even in the rural area of the Lake of Koronia fairly high 
ozone concentrations were recorded (Fig. 4). The average ozone 
volume fractions during the night were about 20 ppb. At several 
stations, above all at Perea and Panorama, interesting phenomena 
were observed during the night. After midnight, when the average 
volume fractions of ozone had reached values of about 10 to 20 
ppb, sudden increases in the ozone volume fractions up to 50 ppb 
were observed for several hours until the next morning (Figs. 5 and 
7). 
Similar effects of unusually high night-time concentrations of ozone 
were observed at the measuring sites of Meteora, Vlatadon and 
Neohorouda. All these sites are located at the westerly slope of the 
Hortiatis mountain range. 
Panorama is situated at 200-300 m altitude of the westerly slope of 
the Hortiatis mountain. Contrary to Perea, wh ich is located on the 
south shore of the Bay of Thessaloniki, the average night volume 
fractions of ozone at Panorama are higher than 50 ppb (Figs. 5 and 
7). At that site, the ozone concentration remains at the afternoon 
level until6 o'ciock in the morning (Fig. 5; 16 to 18 Sept.). At Perea 
on the sea side, abcut 15 km from Panorama, there is only a slight 
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increase in the ozone concentration during the night until 60'clock 
in the morning (Fig. 7). Since ozone is produced photochemically, 
higher ozone concentrations during the night than a background 
volume fraction of 30 ppb are an indication of transport 
phenomena. The high ozone concentrations at Panorama during 
the night can be explained by its situation at higher altitude 
compared to Perea. 
The night-time inversion level in September might weil be lower 
than that of the city of Panorama. Below the inversion layer, the 
ozone concentration decreases due to dry deposition on the ground 
and due to chemical reactions with other primary pollutants, like 
NO and olefines. Above the inversion layer, the high photochemical 
smog levels of the previous day are preserved in the well-stratified 
air masses. At Panorama, the decline of night-time ozone starts in 
the early morning hours at 5 to 6 o'clock. This is the time when the 
prevailing south-easterly wind direction suddenly turns to NW (see 
Figs. 6 and 8). The sudden turn of the wind direction is accompanied 
by an increase in wind velocity from 1 to 2 m/s up to 4 to 6 m/s ofthe 
northerly winds (Fig. 9). These northerly winds blow until noon. 
Again, at that time there is a sudden change back to south-easterly 
winds occurs (Fig. 8) and the daily cycle of the photochemical smog 
formation starts again (Figs. 5 and 7). The wind behaviour described 
is the classical picture of sea breeze events [3-5, 12]. 
A detailed calculation and reconstruction of the wind field in the 
Greater Thessaloniki area for the duration of the measurement 
campaign will give further insight into the flow of the air masses 
and the levels of pollution at the various measuring sites. 
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Figure 1: Hap of Greater Thessaloniki Hith the measuring sites 
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Figure 2: Photovoltaic and ozone measurement station at Langadas 
(Lake of Koronia) 
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Figure 3 : Data logger connected to ozonometer 
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Figure 4: Variation of ozone volume fraction on the Lake of Koronia (September 12 to September 18, 1991) . 
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Figure 5: Variation of ozone volume fraction at Panorama (September 13 t o September 18, 1991) . 
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Figure 6: Variation of wind direction at Panorama (September 13 to September 18, 1991) . 
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Figure 7: Variation of ozone volume fraction at Perea (September 13 to September 18, 1991). 
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A Combined Meteorological and Air Pollution 
Experiment over Thessaloniki 
D.N. Asim~kopoulos, M. Petrakis 
Institute of Meteorology and Physics of the Atmo-
spheric Enviroment, National Observatory of Athens. 
and 
C.G. Helmis, M. Tombrou, C. Varotsos and A. Soil-
emes 
Dept. of Applied Physies, University of Athens. 
ABSTRACT 
A eombined meteorologieal and air pollution exper-
iment is thoroughly deseribed giving details of the 
instrumentation used.The meteorological istrumenta-
tion ineludes Aeoustie Radar (A.R.), tethered bal-
loons and ground based wind stations, while the air 
pollutants were traeked by automatie continuous 
measuring systems. Thus combined data on the verti-
cal and the horizontal strueture of the Atmospherie 
Boundary Layer (ABL) and the basic air pollutants 
are monitored. 
Preliminary results of this experiment are also 
given examining selected eases of meteorologie al 
importanee for the study of the Thessaloniki air 
shed. 
1. INTRODUCTION 
Thessaloniki is the seeond big city in Greeee eon-
sindering both population and industrial aetivity 
thus following the wellknown international pattern 
of polluted eities. 
Several studies have already been performed by 
several research groups ( e.g. Zerefos, Moussiopou-
los and Flokas) in order to understand either the 
65 
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micrometeorological pattern or to evaluate the air 
pollution levels within the Greater Thessaloniki 
Area, (GTA) , (Zerefos et a1. , 1986; Zerefos and Zou-
makis, 1984; Sahsamanoglou and Bloutsos, 1989; Sah-
samanoglou et al.,1991). 
However, questions like the detailed wind 
field or the horizontal and the vertical distribu-
tion of certain pollutants is not known thus leav-
ing open the field for further investigation. 
It is the purpose of this experimental effort, 
to study more extensively this field giving empha-
sis to ozone concentrations which are thoroughly 
investigated. 
2. DESCRIPTION OF THE EXPERIMENT. 
The city of Thessaloniki is located almost in the 
middle of the Thermaikos gulf in the northern part 
of Greece. The city is actually surrounded from the 
North and East by Kissos mountain, while on the 
West there is a flat and quite expanded area. Due 
to this arrangement the G.T.A. is subject to a 
rather complex microclimate. For example low wind 
conditions with clear skies, which are of particu-
lar importance for the air pollution concentrations 
over the city, will result to a complicated wind 
field. 
The sea breeze circulation case which is asso-
ciated with air pollution episodes, is again quite 
complex as it is applied on successively different 
directions with the time of day. 
The G.T.A. and the location of the instrumen-
tation used are given elsewhere by Moussiopoulos at 
the same edition. The stations were chosen in such 
a way to provide information on both meteorology 
and air pollution. Thus natural exits from the 
Thessaloniki valley as well as the central and the 
coastal area were covered and the profilometers 
were placed in the very central (urban) and the 
outskirts (rural) areas. The instrumentation used 
by the University of Athens research group for the 
experiments consisted of the meteorological and the 
air pollution monitors. 
a) Meteorologieal: 
Ground based. The ground based instrumentation 
consisted of 3 wind stations which were mechanical 
Moniloring and Modelling in the Mesoscale 67 
and were placed on 10m high poles on top of build-
ings or other suitable constructions. 
- Profilometers. The A.B.L. profile was monitored 
by two tethered balloon systems and a high 
frequency A.R. unit. 
The first tethered balloon was combined with 
the A.R. in order to provide both qualitative and 
quantitative information on the A.B.L. thermal and 
wind structure which is of primary importance for 
the experiment and was placed on top of the Engi~ 
neering building in the middle of the city. The 
secondtethersonde was placed in a suburb area some 
10km from the town city center in the western part 
which is quite open to all wind directions. Both 
balloons were equipped with a meteorological pack-
age which provided measurements on the wind speed 
and direction, temperature, humidity and pressure 
as weil as with a wet chemical method of ozonesonde 
monitor. These were operated selectively during 
certain weather conditions. The high frequency 
acoustic sounder is a high resolution system and 
can provide detailed information on the wind and 
the thermal structure of the A.B.L. from about Bm 
up to about 300m. This instrument operated through-
out the experiment on a continuous basis. 
Details on all instruments are given elsewhere 
in this edition (Helmis et al., Soilemes et al.). 
b) Air pollution Instrumentation I 
Exc ept from the ozonesonde all other instruments 
concerning o zone, carbon monoxide, sulfur dioxide 
nitrogen oxides and hydrocarbons were ground- based. 
All instruments used were of the automatie type 
with continuous output on dedicated data loggers. 
3. PRELIMINARY RESULTS AND CONCLUSIONS. 
The day of 30/9/91 was selected as a typical case 
of sea- breeze circulation which is also associated 
with high air pollutant concentrations. In this 
paper however only the atmospheric physics part of 
the recorded data will be considered. 
In particular Fig. 1 shows the development of 
sea- breeze as it was recorded by the A.R •• At the 
beginning (6.07-7.50 LST) a low thermal activity 
appears which is extended up to more than 100 m 
height. This activity has a patchy structure during 
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the transition period of the formation of the sea-
breeze which became more solid afterwards (11 . 00 
LST). By this time the thermal activity is present 
up to 200 m height. Later on (12 . 30 LST) this fea-
ture is changing due to the surface heating which 
produces an increased mixing in the lower atmo-
spheric layer. It must be noticed that the solid 
thick line which appears in Figure 1 is due to the 
acoustic signal reflection, caused by the tethered 
balloon. Quantitavely this structure is also evi-
dent from the profiles of meteorological parameters 
(wind speed and direction, potential temperature 
and humidity) measured by the University of Athens 
profiler system. (Figures 2,3 and 4). According to 
the first sounding (6.47-7 . 10 LST) it is shown that 
a stable layer extends up to 400 m height. This 
layer persists during the second sounding 
(7.49-8.09 LST) while during the third sounding 
(10.31-10 . 47 LST) the appearance of two distinct 
layers is evident. The lower layer which is devel-
oped due to the sea-breeze has a height of 120 m 
and is decoupled from the upper stable layer by a 
neutral layer. The next sounding gives the develop-
ment of sea-breeze having the depth of more than 
200 m. A neutral layer of about 120 m depth sepa-
rates the two stable layers. The last sounding 
(14 . 16-14.44 LST) presents the full development of 
sea-breeze. In more detail, a super adiabatic layer 
is present at the surface layer while a stable 
layer is following above it up to more than 300 m. 
All the above mentioned are confirmed with the 
corresponding profiles of relative humidity. In 
particular both the third and fourth profiles show 
two different layers concerning the water vapour 
content. While the last sounding (14 . 16-14.44 LST) 
gives a layer of almost constant humidity up to the 
height of 300 m. 
Finally, the wind speed and direction profiles 
show the origination of wind. In the first sound-
ing, wind of low intensity is blowing from the West 
throughout the whole stable layer which is followed 
by calm conditions according to the second sound-
ing. At the sounding of 10.30 LST a 100 m layer of 
Southwesterly wind appears which increases in depth 
later on (11 . 46-12.07 LST). During the last sound-
ing it is evident the increase of both the wind 
speed and depth of this layer. 
It is also of importance the A. S. records for 
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the same day, later in the night. Figure 5 gives 
the thermal strueture of the Atmosphere where tem-
perature inversion layer is present at the height 
of 170 m at the beginning . At the same time small 
thermal aetivity is present at the surfaee layer. 
Later on (at about 22.00 LST) this inversion merges 
with the ground based inversion whieh is produeed 
due to the surfaee eooling. This proeedure results 
in a more intense inversion layer at lower heights 
after 22.45 LST. 
Fron! the above pr.eliminary data analysis ean 
be summarized the following. 
The sea- breeze eireulation is starting at 
about 8.00 LST while it is fully developed at 
around 14.00 LST and dies out after 19.00 LST. 
During the formation and establishement of the 
sea- breeze meehanism the wind speeds are low 
and the depth of the sea- breeze layer is rela-
tive small reaehing less than 300 m height. 
This is probably due to the short distanee of 
the measuring site from the eoast (about 1 
Km). For the same reason the sea- breeze eir-
eulation persists for a long period. 
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The University of Athens profiler system 
A.T . Soilemes, P . G.Papageorgas, 
C.G . Helmis, D.N.Asimakopoulos 
Dept. of Applied Physics , University of Athens 
33 Ippokratous st., Athens, Greece 
ABSTRACT 
A new approach to balloon sounding has been develo-
ped in the University of Athens , by using a tiny on-
board microcomputer, instead of the weIl known real-
time data transmittion technique .This system measu-
res dry and wet bulb temperature, wind speed, wind 
direction and relative pressure, with very good 
accuracy up to 1000 m.More channels can be easily 
supported, due to the flexibility coming from the 
microcomputer used . Advantages and disadvantages of 
the system will be discussed, as weIl as the imple-
mentation of the whole sounding system . 
SYSTEM DESCRIPTION 
The system consists of 
i ) a tethered'baloon 
ii ) a winch 
iii) an airborne package 
iv ) a laptop P . C. and the associated software 
The balloon is 5.2 m long, maximum diameter is 
1.5 m and its volume is 4 . 25 m3 .It has a lifting 
capability of about 2.8 kg at sea level.In calm 
weather, the package has been flown to heights of 
about 800 m. 
The winch uses a 1/2 hp,12 V D.C . motor attached 
to a rotating drum . A 1000 m nylon cord is wrapped 
around the drum and attached to the balloon.The rate 
of ascent (or descent) is continuously variable 
between 0 and 3 m/s . 
The package, which measures 6.3x55x13 cm, con-
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taining the necessary sensors, the appropriate elec-
tronic interfacing circuitry and the microcomputer, 
is shown in fig.l.A rod is used to support the pack-
age on the balloon cables, about 2 m below the bot-
tom of the balloon.lt is powered by a 14 1.22 V/700 
mAh Ni-Cad pack.Power consumption is 100 mA, so a 
worst case of 4h of continuous operation is possible. 
Figure 1. The airborne package 
Because emphasis was given to system portabili-
ty. a laptop P.C .• was chosen as the ground station. 
Employment of a hard disko greatly simplifies opera-
tion and data handling.The P.C.used is equipped with 
a 20 Mb hard disk and a 1.44 Mb floppy disko a real-
time clock and aserial port. 
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THE PACKAGE 
The block diagram of the package is shown in fig.2. 
As shown. the system was developed around the micro-
computer.Details about the block diagram. will be 
given in the corresponding paragraphs. 
OUTPUT 1 
CH-2 
HICROCOHPUTER 
OUNTER 
, 
i 
i , 
! 
CH-3 
CH-4 
DICITAL 
OHPA~~ " """'';j;:'ri 
ONTROL 1 
1. .. L._ ... _ .. _ ... _ ... _ .. -' ........... , .. ,: 
~AN 
CONTROL 
INTERFACING 
CIRCUIT 
INTERFACING 
CIRCUIT 
-sv v,...r 
PRESS URE 
INDICATOR 
LX1601A 
LOW-DROPOUT 
RECiULATOR 
Figure 2. The block diagram of the package 
Wet and dry bulb temperature 
The classical psycrometric method is used to measure 
dry and wet bulb temperature. using two identical 
NTC thermistors .placed along the axis of a plastic 
16/20 mm tube. 85 mm long and placed horizontally. 
above and at right angle to the package supporting 
rod.The dry bulb thermistor is ahead of the wet bulb 
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thermistor in the flow and is spaced 30 mm from it, 
to prevent evaporation from affecting dry bulb 
temperature.An extension with a small fan in a 36/40 
mm tube, 45 mm long, is added to the re ar ( with 
respect to the flow) to provide air flow in the 
order of 4 to 5 m/s in the 16/20 mm tube.The wet 
bulb thermistor is inside a wiek, wetted by a small 
water reservoir, placed underneath the wet bulb 
element.To minimize thermal emmission related pro-
blems,the psychrometer is placed inside the package, 
which is covered with 0.3 mm aluminum sheet. 
Comparisons with Ässmann psychrometers under 
steady-state conditions, have shown ve~y good agree-
ment. 
Thermistors of 1 kQ have been chosen for the 
application,to measure temperature in the range of 0 
Figure 3. The thermistor interfacing circuit 
to 50·C.To compensate for spread of initial resi-
stance, it was decided that 25·C would correspond to 
mid-scale,and span was decided to be about 500 bits, 
corresponding to aresolution of O.l·C, to maintain 
interchangeability between different thermistors,wi-
thout interfering with the electronics.Doubling the 
resolution would result to 1000 bits span, which, 
taking into ac count thermistors' spread of characte-
ristics,would result to need of calibration for each 
individual thermistor to meet the 0-50·C scale ac cu-
rately.lt was decided not touse potentiometers for 
calibration,to avoid errors induced by mechanical or 
thermal disturbanees, but calibrate the whole system 
(including the A/D) instead, so it was of no value 
to use precalibrated thermistors.To enhace accuracy, 
the circuit consists of a bridge excited by the 
voltage reference of the A/D, followed by an instru-
mentation amplifier.Overall voltage gain is about 80. 
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Overall noise is less than 1mVpp.The circuit confi-
guration guarantees a ratiometric A/D conversion, 
eliminating any minor reference voltage stability 
related problem.The circuit diagram is shown in 
fig.3.The thermal drift of the amplification cir-
cuitry is calculated to be less than ±0 . 2·C per 25·C. 
Actual performance was even better, because the ope-
rational amplifiers of the first stage were matched. 
Despite the low gain of the amplifier, care was 
taken in component selection and layout to avoid 
noise and drift induced by thermal gradients aeross 
the board. 
Preeeure 
Pressure is 
pressure .The 
LX1601A.This 
fully signal 
LX160;1A 
1lIP!?;J. 
• • 
measured relative with the surface 
pressure transducer used is Sensym's 
is a piezoresistive transducer, it is 
conditioned, with temperature compensa-
Figure 4. The pressure interfacing circuit. 
tion and high output voltage.lt operates from 10 to 
20 psi and provides an output voltage of 2.5 to 
12.5 Volts.A simple electronic circuit follows the 
transducer's output.This can be divided into three 
parts.The first is a low-dropout regulator, the 
second is the signal cOI~itioner to the A/D input 
and the third is a window comparator.The LX1601A has 
an interna 1 voltage regulator, which operates for 
excitation voltages above 15 V.As already mentioned, 
a lowest battery voltage of 12 V is assumed, which 
calls for an extra voltage regulator.However, the 
sensor needs at least 10 V for normal operation, and 
at least 2 V above the highest output voltage to 
keep unsaturated.Assuming that the maximum pressure 
it will be operated, is to be 1100 mbars, it will 
produce 8.5 V, so applying 11.5 V is a very conser-
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vative approach.To meet this specification, a low-
dropout voltage regulator is used.To retain the 
dynamic range of the sensor output, a voltage sub-
tractor is used subtracting the voltage correspon-
ding to the surface pressure to keep from saturation 
and allowing for a span of 170 mbars.Voltage sub-
traction is carried out by six jumpers, choosing 
the appropriate voltage (and therefore pressure 
range) .Ranges differ 50 mbars from each other, al-
lowing for a minimum of 120 mbar differential pres-
sure range.The Hindow comparator is used to provide 
a visual display of the adjustment process. The 
complete electronic cirduit is shown i~ fig.4.To ma-
ke the circuit insensitive to temperature variations 
we use op-amps Hith low offset voltage temperature 
coefficient and metal film resistors to avoid ther-
mocouple effects.Other techniques for reducing tem-
perature dependence, were not needed and therefore 
not used.Span and offset adjustment potentiometers 
were not used to avoid sensitivity to vibrations 
and temperature variations.Also, the span stab ility 
is typically 2.5 mbars/year,so it is a good practice 
to calibrate it once a year. 
Wind speed sensor 
A commercially available Vector Instruments A101M 
cup anemometer is used.Comparisons in the wind tun-
nel (using only the package) shoHed no appreciable 
difference between data sheet specifications and 
actual performance.The anemometer used, utilizes a 
light chopper,to provide an output of 10 Hz per m/s 
(± 2%) and a threshold of 0.15 m/ s.The anemometer's 
output is lead to the counter input of the on-board 
microcomputer, through a schmitt-trigger circuit. 
Wind direction 
The Hind direction is measured by means of a magne-
tic compass.For this purpose an AANDERAA INSTRUMENTS 
1248 compass was selected.Wind direction is given as 
a potentiometer setting . When the compass is to be 
read, a magnet assembly, normally free to swing,must 
be clamped.Clamping is done electrically by the ef-
fect of a clamping current in an axially wound coil. 
In the clamped condition, a contact wire on the mag-
net assembly, will make contact with a wirewound po-
tentiometer ring.Between readings, the clamping must 
be interrupted for a few seconds (3.5 s for a 90· 
step change in wind direction) to allow the magnet 
assembly to swing towards North.Clamping current is 
15 mA.Potentiometer resistance is 2000 Q.Accuracy is 
better than ±2% .Allowable tilt is 12·. 
One 1/0 port of the microcomputer is used to 
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drive the circuit that locks the compass in position. 
The reference is applied to the potentiometer termi-
nals of the compass , so that measurement is also 
ratiometric. 
The On- Board microcomputer 
A microcomputer was chosen over hardware implementa-
tion since collecting process can be easily modif-
ied, extra instrumentation can be added with minim-
al circuitry and no changes on the main board are 
required (in fact, an ozone measuring device has 
already been added with success) . Extra features , such 
as power management can be added through the use of 
its I/O ports. 
The microcomputer used is a TattleTale , model V. 
It is based on the 63A03Y CPU and contains an 11-
channel, 10-bit A/D converter , 32 kBytes of RAM, 32 
kBytes EPROM containing the operating system and a 
BASIC interpreter, 17 programmable I/O lines, one 
counte!', on-board voltage regulator and two RS-232 
communication ports.lts power consumption of 3 mA 
and its small dimensions 0 . 4" x 2.0" x 0.8"), make 
it ideal for the application.Another feature of this 
device is that a BASIC program of about 16 Kb can be 
stored in ROM and start running on power-up.RFI 
emmission of the microcomputer is insignificant. 
The microcomputer is used to collect the data, 
control the compass driving circuit and power manage 
the system. 
When the sampling program is loaded, data col -
lection begins. In the beginning of data col-
lection, fan motor and power supplies are turned on. 
Time interval between stored values is 5 s.Data col-
lection procedure is not the same for all channels. 
Pressure and temperature channels are acquired every 
1 s.Data are averaged over 5 sampies and stored.Wind 
direction is acquired every 5 s allowing 4 s for the 
compass to settle.The cup anemometer output is lead 
to a counter, internal to the microcomputer.Pulse 
counting lasts for 5 s, so an average of wind speed 
for this time interval is obtained.Data are stored 
in two bytes . The values obtained from sampling are 
stored in the datafile.This is a user defined memory 
area, supporting data storage . Because the BASIC pro-
gram uses the same part of memory and the total 
memory available is 28 kBytes, the datafile size was 
set to 20 kBytes.A minor portion of the start of the 
datafile contains necessary data,like take off time, 
landing time, package number, sampling rate,etc.From 
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the above it can be calculated that data for 5 
channels can be recorded for more than 2h and 45 min 
using two bits per sampie and storing every 5 s.Upon 
data-collection completion, fan" motor and analog 
power supplies are turned off and the compass stops 
being clamped. 
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f light 
THE GROUND STATION 
Any P.C. compatible computer can be used as the 
groundstation.ln our case, the ground station is a 
Gommon laptop P.C. as mentioned above.lt is used 
before the flight, to onload the sampling program to 
the package through the serial port and after flight 
to collect and process the acquired data. 
Monitoring and Modelling in the Mesoscale 87 
The processing programs used,depend on the ap-
plication.For profiling purposes, the common proce-
dure is to take measurements at constant heights,for 
a short period of time and produce mean, minimum and 
maximum values.The processing for this type of pro-
filing is to be discussed. 
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As described above,all data 'are stored in memo-
ry during a flight.Surface pressure is subtracted 
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from all pressure values to remove the offset.To 
identify data taken at constant heights,the program 
seeks for succesive pressure values that fall within 
apressure range.This range varies linearly with 
pressure from 0.2 mbars at surface level, to 1 mbar 
at 100 mbars.This increase in range is necessary to 
compensate for increasing vertical movements of 
the balloon as height increases.Raw pressure data 
values versus time for a typical balloon flight, are 
shown in fig,5., while, in fig.6,typical examples of 
vertical profiles of dry and wet bulb tempe'rature, 
wind speed a nd wind direction are given,These measu-
rements were taken, durjng the Thessaloniki experi-
mental campaign on 9-23-91 for the period 1152+1257 
LST, 
SOME CONCLUDING REMARKS 
The present design has certain advantages and dis-
advantages in comparison with the well-known data 
transmission method (e.g. {1], {2], (3] , (4]) ,These can 
be summarized as folIows: 
alThe proposed system is low-cost and easy to main-
tain, 
bllt is independent of radio interference 
clCan interrogate at high speed a large number of 
channels. 
d)Can be easily modified to accomodate new instru-
ments, 
e)Its main disadvantage iS,that no data can be shown 
before the system is landed, 
It is believed that future designs will be based in 
similar techniques, 
REFERENCES 
1, Morris A.L" Call D.B" and McBeth R,B, :1975, 
'A Small Tethered Balloon Sounding System', 
Bull. Amer, Meteorol, Soc, 56, 964-969 
2, Deloach R. , Morris A.L, and McBeth R,B. :1976, 
' A Combined Boundary-Profile and Automated 
Data Reduction and Analysis System', 
Boundary-Layer Meteorology 10, 455-463 
3, Hayashi M. and Yokoyama O. :1980, 
'Boundary Layer Packages for Tethered Balloon', 
NOAA/NCAR , Boulder Atmospheric Observatory, 
Report N02, 128-135 
4. McBeth R,B, and Semmer S, :1980, 
'NCAR Boundary Profiler System', 
NOAA/NCAR,Boulder Atmospheric Observatory , 
Report N02, 136-139 
Digital interpretation of Sodar Observations 
C.G.Helmis,P.G.Papage orgas, 
A.T.Soilemes , D.N . Asimakopoulos 
Dept. of Applied Physi cs, University of Athens 
ABSTRACT 
An analysis of the procedure of a real-time digital 
display technique for minisodar echoes is pre-
sented. The estimation of the signal level from 
digitized data, using averaged values over more 
than one transmitted pulse and the suppression of 
environmental noise by statistical methods, are 
also given. An example of printer generated picture 
is given and discussed. 
1, Introduction 
Acous tic sounding has already proved its usefulnes s 
in the representation of the thermal s tructure of 
the Atmospheric Boundary Layer, the vertical mixing 
and the mixing layer behavior, e . g. Brown [2J , Asi-
makopoulos [lJ, Helmis [3J. The traditional method 
for displaying the backscattered acoustic echo 
intensity as a function of time and height is the 
use of a facsimile recorder. The dynamic range of 
such a recorder is of the order of 10 dB, while the 
received signal has a dynamic range in the order 
of 40 dB. This results to a significant signal com-
pression, giving in turn . a loss of information 
about interesting phenomena of the atmospheric 
thermal structure. Also this type of recorder 
restriets the pulse repetition frequency of the 
system by the angular speed of its rotating drum, 
which can change only by changing the helix gears. 
Furthermore this method suffers from saturation at 
high level signals and no correction can be made to 
the returned signal, if it is necessary. 
09 
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The use of a digital processing method and a dis-
play system is a solution to the above mentioned 
disadvantages . In this report a computer controlled 
system, which interprets automatically and on real 
time Acoustic Sounder echoes , by the use of a 
printer is presented. The estimation of the signal 
level and the suppression of the environmental 
noise are also given . Example of printer generated 
acoustic radar signa l s display is given and dis-
cussed. 
2 . System configuration and data display. 
The system used is a monostatic sounder operating 
at a frequency of 4.3 kHz with an acoustic antenna 
of 5x5 elements array, using Motorola piezoelectric 
tweeters. with the corner elements removed. An IBM 
XT compatible computer is producing the transmitted 
frequency and control signals and processes the 
backscattered acoustic signals . 
The signal which is processed by the system is the 
envelope amplitude of the backscattered echoes 
which are caused by atmospheric scatterers and has 
to be distinguished from the environmental noise, 
in order to make adecision about the l evel of the 
signa l that can be disp l ayed. An assumption is made 
that noise and signal statistics can be modeled by 
the Rayleigh distribution function, which holds for 
most cases. Because the Rayleigh distribution is 
fully defined by its mean value only, an estimation 
of the mean va l ue of the environmental noise is 
made using the sampies of the received signal which 
correspond to ranges where no signal is present and 
making an averaging of shots to get a more statis-
tically reliable estimation of this value. Then a 
voltage threshold of noise level is calculated, 
with which every sampie is compared and printed if 
it is greater than this value . 
The noise voltage threshold is given by: 
Vn = (-4 lnPe!n ) ' /2 N (2) 
where Pe is the noise error probability, 
(l-Pe= J:; (Z) dz) 
and N is the mean value of the background noise. The 
Pe value is set to 0 . 2 and describes the propability 
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that a noise sampie is interpreted as signal . Accord-
ing to the display device available, the sampie is 
then quantized into one of the two available levels 
(for bilevel display devices) and is then displayed 
and stored in a hard disk to further enhance the easy 
management of data. 
For the application described below a common black 
and white dot-matrix printer (EPSON RX- 80) was used , 
interfaced to the computer via the Centronics paral-
lel port. The signal intensity was displayed up to 
400 m incörporating 480 ~ots, thus giving aspace 
resolution of approximately 0 . 8 m/dot which is ideal 
for applications in minisodar systems utilizing short 
pulse lengths . The time resolution is 10 cm per hour. 
Fig. 1 gives an example of minisodar echo digital 
display, which was recorded in Thessaloniki, Greece, 
for the period 0425 : 0630 LST of the 15th of Semtember 
1991 . As s een from the figure at 0425h and for a 
period of about half an hour a strong-based inversion 
exists reaching a height of more than 200 m. Later on 
this inversion seems to be dissolved maintaining a 
ground-based inversion for the rest of the time 
within a height of 50 m and giving rise to inversion 
layering with patchy structure up to 300 m. All this 
activity seems to be concentrated after 0545 to a 
strong double layering at heights betwe en 100 to 200 
m and a wave like activity s e ems to be established. 
The increased display resolution of the system i s 
evident compared with the traditional recording ones . 
Concluding it is evident that the digital display 
systems have made the use of facsimile recorders 
obsolete, offering higher time and space resolution, 
adaptability to modifications of the operating par-
ameters of the sodar and in conjunction with a com-
puter system, easy management and reproduction of 
data . 
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On the accuracy and precision of the Electrochemical 
ozonesondes in the lower troposphere 
by C. Varotsos 
University of Athens, Dept. of Applied Physics 
33, Ippokratous Str., 106 80 Athens, Greece 
1. Introduction 
The chemical balloon- borne devices which have been 
developed for direct measurements of ozone in the 
atmosphere may be divided into two groups, the elec -
trochemical and the chemi - luminescent one. 
The operating principle of the electrochemical 
ozonesonde is based on the reaction of ozone with a 
potassium iodine solution. In the reaction, free iodine 
is released, which in turn is measured quantitatively 
by a coulometric method. These electrochemical instru -
ments have been widely adopted for measuring atmo-
spheric ozone and the data employed for various appli-
cations derive chiefly from two types of ozonesonde : 
the Brewer - Mast (BM) BubbIer (Brewer and Milford 
1960) and the Electrochemical Concentration Cell (ECC) 
(Kohvnyr 1969). 
This paper examines the accuracy and precision of 
most widespread wet-chemical ozonesondes (BM, ECC) in 
the lower troposphere. 
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2 . Discussion 
2.1. ·BM ozoneBonde 
BM has been used since 1963 by a large number of 
stations. Its sensor consists of areaction chamber 
with a fine platinum gauze as cathod and a silver wire 
as anode irnrnersed in a 2 ml of a phosphate buffered 
acqeous s·olution of 0 , 1% KI. In order to avoid a sig-
nificant background ctirrent a polarizing potential of 
410 mV is applied between the two electrodes. When 
atmospheric air is blown by a pump through the solution 
each ozone molecule releases two electrons. The cur-
rent detected in this way is therefore proportional to 
the ozone reacted in the bubbier. 
2 . 2 . ECC ozoneBonde 
The sensing unit for the ECC is an iodine / iodide 
redox concentration cell composed of t\~O platinum elec-
trodes irnrnersed in neutral buffered iodide solutions of 
different concentrations in the anode and cathode cham-
bers. The sensor operates as a galvanic cell that 
causes a current to flow in an external circuit while 
it drives to equilibrium. In operation a continuous 
stream of arnbient air is bubbled through the cathode 
compartment of the sensor by a constant volume pump. 
Ozone in the air oxidires iodide in the cathode to 
iodine, unbalancing the equilibrium of the cell o As the 
cell returns to equilibrium, the resulting current in 
the external circuit gives a measure of the amount of 
the ozone in the sampie air . 
2 . 3. The accuracy of BM and ECC 
The accuracy refers to the extent to which a given 
measurement agrees with the true but unknown value of 
the quanti ty being measured . · 
The BM and ECC ozonesondes suffer from several 
sources of inacuracy. These do not provide absolute 
values for ozone concentration, and comparisons with 
ultraviolet spectrometers indicate differences of up to 
30% in the troposphere (Hilsenrath et al. 1986). 
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The first source of error affecting the accuracy 
comes from errors in the primary calibration standards 
for the instruments in the flight simulator. The Ruska 
bourdon tube gauge, which served as the primary pres-
sure reference for the experiments, has an absolute 
accuracy of 0.007 Torr with a calibration traceable to 
the National Bureau of Standards (NBS). The reference 
for the sonde current measurements in the flight simu-
lator has a relative accuracy of 0.25% over all of its 
range and a calibration traceable to NBS. 
Ozone wall los ses in the sample tubing provide a 
second source of error. Based on results from Barnes et 
al. (1985) the calculations show the losses in the 
experimental system to amount to less than 0.5% of the 
ozone readings. 
When the calculations are carried out, the worst 
case absolute errors amount to 4.0% of the ozone par-
tial pressure readings for the major portion of the 
tropospheric profiles. If the r.m.s. values for the 
systematic errors are calculated, the relative errors 
in the measurement system are reduced to 2.6% over most 
of the range of the tropospheric profiles. 
The failure of the bubbler to retain all the ozone 
entering it provides a third source of error. In a 
series of measurements with different bubblers it was 
found (Powell and Simmons, 1969) that the currents at 
200 ml.min- 1 varied up to 12% for one standard bubbler. 
The variation of the volume of air delivered by the 
pump due to changes in the ambient pressure and the 
back pressure exerted by the bubbler provides a fourth 
source of error. 
Finally, the departure of the re action converting 
ozone to electric current from the assumed stoichiome-
tricity provides a fifth source of error. This alone is 
sufficient to explain the difference of about 20% 
between the BM and ECC sensor. 
2.4. The preciaion of BM and ECC 
The precision refers to the extent to which a given 
set of measurements a~rees with the mean of observa-
tions. 
According to Barnes et al., (1985) the measurement 
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precision of the electrochemical ozonesondes is about 
5-7 nb. 
2.5. Chemical interferencee in the BM and ECC 
The coexistence of ozone and sulfur dioxide in the 
atmosphere, particularly around urban areas, creates 
many perplexing problems relating to the determination 
of these substances. The complication arises from the 
fact that, whereas liberation of iodine is the basis 
for instrumental analytical procedure for ozone, sulfur 
dioxide interferes in these procedures by reducing 
iodine. Therefore, sulfur dioxide provides a negative 
interference for the determination of o zone in potas-
sium iodide solutions . Also, peroxyacetyl nitrate (PAN) 
and other oxidizing substances create iodine in a iod-
ide solution. Thus, in an urban troposphe re the chemi-
cal interferences might possibly add significant errors 
to the ozone measurements. However by proper choice of 
scrubbers no interferences were found for N02, S02, 
H2S, PAN gave a response of 12% in mole equivalents of 
ozone. 
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ABSTRACT 
Simulations of photooxidant formation in the Mediterranean can he carried 
out on smaller scales focusing on air pollution effects in limited areas of 
the size of large cities and their surroundings. Another scale is that of lar-
ger regions which may be affected by air pollutants transported over larger 
distanees. The latter aspect is a major foeus of the EURAD model. Its 
potentials to treat transport of anthropogenie emissions and their ehemieal 
transformation for Mediterranean eonditions are outlined. Special atten-
tion is given to the need of providing suitahle emission data for realistic 
photooxidants calculations. 
1 INTRODUCTION 
The Mediterranean region poses speeific problems for models aiming at the 
simulation of the transport of anthropogenie emissions and its ehemieal 
transformation. The major effeet is photooxidant formation, i.e. produe-
tion of ozone, PAN and other secondary pollutants hazardous to men and 
the biosphere. This formation depends on a larger number of meteorological 
processes influeneed by the eomplex topography of the Mediterranean eoun-
tries. A typieal example is the land-sea breeze resulting from the diurnal 
variation of the thermal contrast between water and land surfaces. Such 
smaller scale processes are interacting with larger seale meteorological and 
pollutants fields. Understanding the complexity of such a situation ean be 
enhanced by numerieal simulations of the processes at both relevant scales. 
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The European Acid Deposition model (EURAD) whieh is deseribcd in this 
paper has been developed to study larger, i.e. regional, seale effects. It 
ean support simulation studies on sm aller seales by providing input data 
for the respective numerieal models applied to Mediterranean areas. For 
this purpose the model has to be tested and improved where it is neees-
sary. What is urgently needed are emission models of the Mediterranean 
whieh are required to generate input data for anthropogenie and biogenie 
tracers partieipating in the photochemie al generation of ozone and other 
photooxidants. 
Section 2 is -an introduetion into the model strueture. Section 3 presents 
some model results. Here some examples from eentral Europe have been 
included sinee this area allows eomparison with measurements to a eertain 
degree. The emission problem is addressed in Section 4. 
2 MODEL DESCRIPTION 
EURAD is an episodie Eulerian transport model and consists of a meteoro-
logical and a ehemieal part. Meteorologieal initial and boundary eonditions 
are obtained from ECMWF analyses. The eombination of both parts whieh 
are orten run at separate plaees by separate groups has eonsiderably inerea-
sed the flexibility of the EURAD model regarding its application and its 
development. A partieular advantage is that it ean easily be transferred to 
different regions of the globe. It is possible to increase the standard grid 
resolution and thus to concentrate on seleeted parts of the total model do-
main whieh is Europe. For instance, higher resolution studies have been 
condueted for East Germany and could be carried out for Greece, too. 
The meteorologieal part of EURAD is the PennState/NCAR Meteorological 
Mesoscale Model MM4 (Anthes and Warner, 1978). It has been applied to 
a wide range of problems as outlined by Anthes (1990). The meteorological 
output of MM4 is used to drive the Chemical Transport Module (CTM) 
of EURAD. This module is based on the Regional Acid Deposition Model 
(RADM) as developed at the State University of New York at Albany. A 
comprehensive deseription of RADM has been given by Chang ct al. (1987). 
The model system has been adapted to European eonditions (EU RAD, 
1989). 
Presently, aversion containing 16 levels in the vertieal between the surfaee 
aod 100 hPa (about 16 km height) is used. The resolution dect'eases with 
altitude. Depending on the problem horizontal grids between 20 km x 20 
km and 80 km x 80 km have been applied. 
The CTM treats the temporal and spatial change of ehemieal speeies taking 
into aeeount advection, diffusion, transport in clouds, dry and wet ehemistry 
as weil as dry and wet deposition. The RADM2 ehemieal meaehanism 
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(StockweIl et a1., 1990) is employed. The model has various options for the 
treatment of the boundary layer. 
The complexity of atmospheric chemistry and transport and the limitations 
of the existing computers in handling these complex processes makes para-
meterizations unavoidable. Progress of computer performance, of numerical 
methods and of our scientific knowledge is leading to gradual improvements 
of such models. As regards EURAD special attention is given to testing 
and further developing the modules treating clouds, aerosols, the planetary 
boundary lay,er including deposition and the role of background and initial 
fields of pollutants. 
3 EXAMPLES OF SIMULATIONS 
The need of permanent adjustment of complex chemical transport models 
to the progress of environmental science and increasing computational per-
formance brings about that model applications are also model tests to a 
high degree. The case studies carried out with EURAD have been planned 
in such a way that they allow to check the model from various points of 
view. Evaluation of calculations against observations is only one of them 
though the most important. Others concern the plausibility of effects and 
fields, for instance the behaviour of the boundary layer 01' the distribution 
of PAN as weil as other species. 
In this sense, the nuclear reactor accident which occurred at Chernobyl on 
26 April 1986 and resulted in variable emissions over several days was simu-
lated with the aim to study the ability of the model to handle the dispersion 
of poilu ted air originating from a single source. The results obtained with 
the forecast version of the meteorological mesoscale module MM4 have been 
described by Hass et a1.6 (1990). They used a horizontal resolution of 80 x 80 
km'. Experiments with higher resolution yielded a reduction of numerical 
diffusion. It is also possible to run the CTM with observed meteorological 
data. Fig. 1 exhibits the structure of the Cesium cloud which is obtai-
ned about 5.5 days after the explosion if analyzed meteorological fields are 
employed. Such studies are carried out to explore the ability of the model 
regarding its application to emergenc'y cases. 
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Figul'e 1: Cesium 137 cloud on 1 May 1986, 12 GMT, abouL 5.5 days after the explosion 
of thc Chernobyl nuclear reactor. RadioactiviLiy r in Bq/m3 , Contour interval of log ,. 
is 1. Darkest area: log 7' > 2. 
The period of the Chernobyl accident (25 April to 7 May 1986) has also been 
chosen to study chemical transport processes .in the presence of convective 
clouds in larger areas (so-called wet case). Special attention is paid to 
the performance of the cloud module in EURAD as a critical element in 
the system of interactive processes. For this episode a simplified emission 
scenario as outlined in Section 4 has been used. 
Only preliminary results are available till now for ozone as the principal tra-
cer for model evaluation. Two examples of simulated time series for a hilly 
area (Schauinsland ) and a pre-Alpine elevated location (Wank, Garmisch-
Partenkirchen) are exhibited in Fig. 2. Though not every detail of the tem-
poral variations is reproduced by the model, the magnitude and trend of 
ozone appears to be reasonably simulated despite the simplifications in the 
emission scenario . Für eastern European locaLions where the N Ox emissions 
seern to be underestimated, thc agreement between model and observations 
is less satisfying. 
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Figul'e 2: 9zone concentrations as measured (continuous line) and sirnulated (broken 
line) ror the episode 25 April 10 7 May 1986. Upper part: Schauinsland, 47 .9 N, 7.9 E, 
1205 masl. Lower part: Garmisch.Partenkirchen, Wank l 47.7 N, 11.2 E, 1776 rnas!. 
An impression how the model performes for larger areas including Greece 
can be obtained from diagnosing the large-scale distributions of secondary 
pollutants . For tbis purpose the period between May 3 and May 5 has been 
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selected. The synoptic situation shown in figure 3 over Europe is governed 
by an anticyclone over northern Europe and a developing cyclone moving 
from the atIantic coast of France towards lreland . 
C UR PROM 1320 TO 1540 SY 20 
II,\,X1VUII VEcrOlI 
1~Il:lOUR PROhl 1260 TO 1540 BY 20 I 
VAXlVUII VEcrOlI 
Figure 3: Synoptic situation on May 3, 12 GMT (top) and May 5, 12 GMT (boLtom). 
Shown is the geopotential height (gpm) at 850hPa together with the horizontal 
windfield. 
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Figul'C 4: Vollllne mixing ratio of ozone (ppbV) at lhe ground (top) and al 850hPa 
(bollorn). The while areas are boxcs conlaining high mounlains. 
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Figul'e 5: Same as figurc 4, but rar PAN. 
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The air flows [rom the main emission regions in central Europe to the NOl-th 
Sea, the UK and Norway. The relevant ozone distribution is exhibited in 
Fig. 4. 
It can be clearly seen that poilu ted air is transported over the North Sea, 
in particular at the higher level (850 hPa), and even became apart of the 
air which is moving around the center of the cyclone. Similar features are 
present in the volume mixing ratio of PAN. For the latter species also the 
volume mixing ratio at 500 hPa (ca. 5000m) is shown (see Figs. 5 and 
6). Due to the long lifetimes of these photo-oxidants one finds the highest 
amounts far from the main emission regions of the precursors. This is in 
particular the case for PAN due to its slow thermal decomposition at low 
temperatures. It is of special interest that even at 500 hPa the PAN mixing 
ratio over the Northern Atlantic Sea is about 0.8 ppbv and comparable to 
the values in heavily poilu ted areas in central Europe. Transport of poilu ted 
air masses [rom this area to the Mediterranean is clearly evident . 
D . ....... 
0.10 0.20 0.30 0.40 0.50 0.60 0 .70 0.80 0.90 
Figul'e 6: Volume mixing für PAN (ppbV) at 500hPa. 
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4 EMISSION MODELLING 
Thc problem of appropriate emission data for regional seale Eulerian models 
whieh are designed for the investigation of eertain episode. of some days have 
been discussed by Memmesheimer et al. (1990). The chemie al transport 
module of EURAD needs, as each Eulerian model of this type, a speeific 
structure in space and time of emission data given by the model's grid and 
certain chemical species for the substances used in the chemical reaction 
scheme. EURAD is able to consider emissions of the anorganie species 
SO" SO., NO, NO" N H3 and CO and about twelve different dasses for 
the volatile organic compounds (VOGs) (see StockweIl (1990)) . If one starts 
as it is presently the ease with annual values which are provided by the weil 
known environmental project EMEP one has also to speeify the emission 
rates with respeet to the episode considered and the hourly values (daily 
variation). Therefore, the emission rates for aIi relevant speeies have to be 
given at a speeifie grid and for each hour of the episode. Usually existing 
emission data bases have to be transformed to meet the speeific requirements 
of the model. As an example the transformation of the EMEP emission 
inventory for 1986 and other relevant emission data given at the EMEP 
grid to a spatial, temporal and ehemieal structure whieh ean be used for 
EURAD applieations will be shown. 
The annual emission rates given at the EMEP grid have been used as 
starting-point for preliminary studies described in Section 3 for the epi-
sode April 25 till May 7, 1986. For SO, and NO. emissions the data are 
splitted by EMEP into lowlevel sourees (below 100 m) and highlevel sourees 
(above 100 m). The emission rates for N H3 , also given as annual values at 
the EMEP grid, have been taken from the EMEP report 2/89 (Iversen et 
al., 1989), anthropogenie VOGs and CO are coupled in a very first approach 
to the total NO. emissions. The CO emission rate is assumed to be the 
NO. emission rate multiplied by five. For VOG emissions the values given 
by Selby (1987) are used as a basis to estimate the actual VOG emissions 
for 1986. The emission rates for total anthropogen ie VOGs are ealcu lated 
by 
s·n'h (1986) = SS'lbY 
voc voc 
SNO (1986) 
x 
. 0.7 
The weighting factor of 0.7 is estimated on the basis of reeen tly published 
emission data for OEGD countries (OEGD, 1989) anel aeeounts for a lower 
NO./VOC ratio eompared to that whieh has been assumed by Selby (1987). 
The VOG emissions estimated for the EMEP grid and published in arecent 
study by Simpson and Hov (1990) for 1985 are also available and may be 
uscd in future modeling studies. The model rcquires as input also emission 
rates for NO, and SO •. It is assumed that 4% of the NO. emissions are 
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emiLted as NO" SO. is assurne" to be 3.9% of the SO, emissions, which 
is an average value from the TADAP /PHOXA inventory for area sources, 
which is used for a late winter smog episode in 1982 (Scherer and Stern, 
1989). 
EMEP emISSIOn data are given as annual values on a polarstereographic 
projection with a horizontal grid size of 150 km. For the JWC the EU-
RAD modeling system is used with a horizontal gridsize of 80 km and a 
lambert conformal projection. Figure 7 shows the EMEP grid on a lambert 
conformal grid together with the EURAD area. 
........ ! .... 
Y.~(>d~d··>:· ~>:~3z':: 
x.;'<f)'?\"\":~'~)1,~. :::~ 
Figul'e 7: EMEP grid plottcd on a Lambert Conformal projection. Thc EURAD area 
for the wet case is also shown. 
In a first approach the emission rates given on the EMEP grid are trans-
formed by an area weighting spatial transformation scheme to the EURAD 
grid. This procedure certainly overestimates the emissions in regions with 
low emissions and underestimates the emissions in regions with high emis-
sions. Because the EMEP data are given on a grid size of about two times 
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the EURAD grid size there may arise an uneertainty of about one EURAD 
grid eell by applying the area weighting seheme without using additional 
information, A teehnique whieh partially may avoid such an error using as 
additional information population density is eurrently under development 
and will be used in future studies, Figure 8 shows the low level NO, emis-
sions after the applieation of the area weighting seheme for the EURAD 
modeling region, It should be mentioned that all sources on the oeean are 
eliminated within the framework of the transformation proeedure, Con-
sequently there is no EURAD grid box with emissions on the ocean that 
means that e,g, ship emissions are neglected in this approach, This neglec-
tion may cause problems for simulations in areas like the Aegean Sea and 
other parts of the Mediterranean Sea where intensive ship trafIle is fonnd, 
Figure 8: Low level NOr emissions [Kt/year as N02) on the EURAD grid after the 
spatial transformation from the EMEP grid to thc EURAD grid. Major cities are 
indicated by black dots. 
To spedfy values for certain episodes the seasonal variation for NO, and 
VOCs given by Sehmitt (1989) are used, This approach leads to a eonntry 
based horizontal resolution of seasonal variations for anthropogenie VOCs 
and NO,. 
Thc next step as far as temporal resolution is eoneerned is to define honrly 
values for the emission rates to be used in the model. For that purpose 
typical temporal variations for different daytypes (workday, saturday and 
sunday) have been defined for S02, NO" VOGs and N H3 , These daily 
variations are a combination of data published in the literature (Cocks and 
Fleteher, 1989; Müller et al., 1990; Asman, personal communication). The 
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total emissions for Sunday are 66% and for Saturday 75% of the total work-
day emissions for aB constituents exeept N H3 , where it is assumed that 
there is no difference in total emissions and no difference in daily variations 
between different days of the week. For VOC the same temporal variation 
as far as NOx is assumed for the daily variation during the week. 
In this study the same VOC profile is applied at eaeh grid point and for 
eaeh hour of the episode. The VOC profile foBowing recommendations of 
W. StockweB (personal eommunieation) is shown in figure 9. 
XYL pm:a 
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Figure 9: vac profile applied to each grid point and for each hour of the episode VOCs , 
Due to laek of information on souree eategories, it is not possible to im-
prove this proeedure at the moment using EMEP data. The situation may 
change bceause there is now a eooperation between EMEP and CORINAIR 
underway. This may improve the available data base within the EMEP in-
ventories for 1990 eonsiderable on a European seale. The highlevel sourees 
of EMEP are assumed to be eonstant throughout tlle episode. The above 
deseribed temporal variations are only applied to the lowlevel sourees, whieh 
are aB assumed to be injected into the lowest layer of the EU RAD model 
whieh is about 75 m thiek. For the highlevel sources (only NO .. Sax) an 
estimated preliminary vertieal distribution function (VDF) is applied. 
Evidently, more work is needed to arrive at reliable anthropogenie emission 
data for episodie modelling. Inclusion of biogenie emissions ean be based on 
a preliminary model by Lübkert and Sehöpp (1989). As regards Creeee it 
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would ccrtain ly be benefitting to include more of the available information 
on emissions from this country in the emission model far EURAD . 
5 CONCLUSION 
The simulation of photooxidant formation in the Mediterranean forms a 
challenge to EURAD. Clearly, there is a great need to proceed with t his task. 
This can profitably be done in cooperation with groups running models on 
smaller scales . Plans have been developed by the subproject EUMA C of 
EUROTRAC to cany out such joint studies. 
ACKNOWLEDGEMENT 
We would like to thank EMEP, in particular A. Eliassen, J. Saltbones and 
N. Halovorsen, for providing us with emission data for 1986. Communi-
cation with W. Asmann (Riso) is gratefully acknowledged. We thank H. 
Geiss for his help to acqu ire observational data and W. Stock weil for useful 
discussions. 
The study is based on the work of the collaborators of the EURAD pro-
ject which has been supported by the BMFT of the Federal Republic of 
Germany. Financial assistance also comes from the Minister of Science and 
Research of the State Nordrhein- Westfalen. The numerical simulations have 
been carried out at the Zentralinstitut für Angewandte Mathematik (ZAM) 
of the Research Institute KFA, JÜlich . 
REFERENCES 
Anthes R.A., Recent applications of the PennState/NCAR Mesoscale Mo-
del to synoptic, mesoscale, and climate studies. Bull. Amer. Meteor. 
Soc., '71, 1610 - 1629, 1990. 
Anthes R.A. and Warner T.T., Development of hydrodynamic models sui-
table for air pollution and other mesometeorological studies. Mon. 
Wea. Rev., 106, 10~5 - 1078, 1978. 
Chang J.S., Brost R.A., Isaksen r.S.A., Madronich S., Middlteon P., Stock-
weIl W.R. and Waleek C.J., A three-dimensional Eulerian acid deposi-
tion model: Physical concepts and formulation. J. Geophys. Res., 92 , 
14681 - 14700, 1987. 
Cocks A.T. and r.S. Fleteher, Major factors influencing gas- phase chemistry 
in power plant plumes during long range transport - Ir. Release time 
and dispersion rate for dispersion into an "urban" ambient atmosphere. 
Atmosph. Environ., 23, 2801 - 2812, 1989. 
EURAD, Das EURAD- Modell: Aufbau und erste Ergebnisse. Mitteilungen 
Monitoring and Modclling in the Mesoscale 115 
aus dem Institut für Geophysik und Meteorologie der Universität zu 
Köln, eds. A. Ebel et al., No. 61,1989. 
Hass H., Memmesheimer M., Geiß H., Jakobs H.J., Laube M. and Ebel A., 
Simulation of the Chernobyl radioadive cloud over Europe using the 
EURAD model. Atmosph. Environ., 24A, 673 - 692, 1990. 
Iverson T ., Saltbones J., Sandnes H., Eliassen A. and Hov 0., Airborne 
transboundary transport of sulphur and nitrogen over Europe - model 
descriptions and calculations. EMEP - MSC- W Report 2/89, 1989. 
Memmesheimer M., A. Ebel, H. Hass and H.J. Jakobs, The EURAD model: 
Problems of the development of appropriate emission inventories for 
long range Eulerian chemical transport models on an European Scale. 
EMEP /CCC- Report 7/90,135 - 141, 1990. 
Müller Th., B. Boysen, R. Friedrich and A. Voß, Ermittlung und Analyse 
des zeitlichen Verlaufs und der räumlichen Verteilung der 50,- und 
NO.- Emissionen in Baden- Württemberg, KFK- PEF 71, 1990. 
OECD, Environmental Data, 1989. 
Scherer B. and R. Stern, Simulation of an acid deposition episode over 
Europe with the TADAP / ADOM Eulerian regional model. In: Air 
Pollution Modeling and Its Application VII (Ed.: H. van Dop), 333 -
349, Plenum Press, 1989. 
Schmitt R., Bewertung der NO. und VOC- Belastung in Europa, Teil B. 
Umweltforschungsplan Bundesministerium für Umwelt, Naturschutz 
und Reaktorsicherheit . Luftreinhaltung Forschungsprojekt 10402636. 
Entwurf, 1989. 
Selby K., A modeling study of atmospheric transport and photochemistry 
in the mixed layer du ring anticyclonic episodes in Europe. Part II: 
Calculations of photo-oxidant levels along trajectories. Climate and 
Applied Meteorology, 26, 1317 - 1338, 1987. 
Simpson D. and 0 . Hov, Long per iod modelling of photochemical Oxidants 
in Europe. Calculations for July 1985. EMEP MSC- W Note 2/90. 68 
pp, 1990. 
StockweIl W.R., Middleton P., Chang J.S . and Tang X., The second gene-
ration regional acid deposition model chemical mechanism for regional 
air quality modeling. J. Geophys. Res., 95, 16343 - 16367, 1990. 
116 
Pollutnnt Dispersion over thc C06etnl Zone of Nodhern Germnnyt 
D. P. Eppel, D. Jacoh, H. Kapitza 
GKSS Research Centre 
D-2054 Gccsthacht, Germnny 
Abstract 
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The high-resolution, nonhydrostaic mesoscalc model GESIMA is used to estimnle the 
transport and deposition of particulate mntter over the coastnl aren of Northern Germany. 
Lead emitted from trame, industrial emissions ßnd household burning is used 89 ß sam pie 
substance. It is faund that during sea-breete condions in summer, the deposition rate 
in the wndden sen arens which are considered ecologically valuable amount! \0 übont 1 
pg/(m :/h). During a winterly inversion episode, Pb accllmulates in the lower ntmosphere. 
However, the deposition rate is obout the same as in summer duc to the s trong surface 
inversion which prevents efficient deposition. 
1. Introduction 
Ccntro.l Eutope was one of lhe first Areas to undergo fundAmental changes duc to the 
inclustrial rcvolution. Population growth and intensiv e landusc have diminished the natural 
countrysidcs to n few enclaves. Thc more it is necessnry to protect and monitor thelle few 
rcmnining ecologically intact regions olle of which is the coasta! zOlle of Northern Germnny 
wilh its wide Waddcn Scn nrens. 
In lilis work the transport and deposition of atmospheric lead over Northern Germany is 
investigated with thc use of the mesoscale J!lodel GESIMA (Gecsthacht Simulation Model 
of the Atmosphere). Almospherie lead which is emitted moslly by traffle is now considered 
of minor lhreat beeause legislation in the European Commun ity is likely to have eliminnt ed 
lids main source of polution within lhe Ilext years, Rnd foeus 111\5 shifted to other hRzArd"nu~ 
materiAls sllch ns mereury. However, as fairly safe knowlegde on the long- range transport 
of leAd , its emissions and atmospheric properties, hns been necumulated du ring the last 
few yenrs, it was taken as n sam pie trace metal to ßssess the effecls of loeal SQUlces in a 
confincd aren. 
Pnrtinlly Funded by Umweltbundesamt, Derlin under COlltrnct Luftreill-
haltung, 02·104 02 683 
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Two typienl episodes Bre simulnted: a sea·breele situation in summer Bnd an inv en ion 
episode in winter. The main ßndings are: 
a) the southern part o f the lIolution domain whieh (ex.tends from the region o( Lüneburg 
in the soutl! up to Odense in the north and from Emden in the west to B (ew km eallt 
of Liibeek) ond the bigger lIettlement areas like Hnmburg Bnd Dremen show inerensed 
conee ntration nnd deposition, attributable to the higher trame density in these regions, 
b) though the summer snd winter episodes ore (undsm entnlly different the deposition tales 
of lead into thc Waddcn Seo Me ab out equal. Two effectll eounteraeling caeh other lIeern 
to be responsible, In summer, deposition is favoured due to turbulenee. Howevet, lellll 
material is avniloble at the ground duc to the high mixing height. In win ter, a IItable 
sut(oee layer seerns to inhibit an effective deposition despite the eonce ntration being held 
within the lowest three hundted meters of the atmosphete, 
c) in winter the relative size of depollition in the Wadden Sea areas is bigger thon in thc 
o lher rural areos. This is Iikely to be the effect of the mixing of cold air coming from land 
when it is tronsported over the warmer Wndden areas . 
2. Model Description 
The basis of the dynamical part of the model is the anelastie equBtions 8S suggested by 
Ogura. and Phil lips , (1962) wi th the buoyancy term treated in Boussinesq approximation. 
In flux·form the equations for momenlum, potential temperature ond mass ale: 
a 
-(pu) + '\7 . (pu ® u) = 8< 
o 
8< (p8) + '\7 · lu (pO)) 
-Vp - 2prl 
v . pu 
'\7 . (pu) 0 
_ (8 p) 
+ pg = + -,-
9 c"ir 
x u + V . pT 
(2.1 ) 
The nomenclature follows meteorological conventions. u is the mean velocity, 8 is the de· 
vintion of potential tempcrßhlfe fr om the temperaturc of an isentropie otmosphe re defincd 
by the profiles p, 9, and p. pis the nonhydrostatie perturbation pressure. T an<! u are 
subg rid- scale ßuxes due 10 turbulent avernging. 
These equations are tranformed into a terrnin · following coord inat e system while prerserv-
ing lhe original ßux·(orm. A staggered grid (Arakawa. C Grid) is chosen where fluxes Ble 
loeated on the grid -cell surfaces, and oll other quantilies in the glid·eell centers. 
Time integntion is perfo rmed by B seeond·order accurate predictor-corrcctor seheme. The 
Poisson Equation fOI plessure is solved by a preeonditiollcd Conjugate · Gradient Scheme 
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(Knpitza and Eppel , 1987) . The Coriolis Force is treated time-eentered, and (or the ver-
tienl diffusion lhe Thomns Aigorithm is used to solve lhe tri-diagonal equation aYltem 
(for details see Kapitza, 1987). Scalars are arlvected with a vnriant of the Smolarkiewicl 
Seherne. 
Surfaee ßuxes and sutfnee ternperature are determined via nn en e rgy balance eq\lIdion on 
the ground (CIaußen, 1988) . Th e c10ud model used is a Kessler-typ e bulk forrnulntion with 
c10ud water, rain, and snow (Jaeob , 1991, Levk o v eLal., 1989) . Fot 'he pnrameterhntion of 
turbulent stresses the simple Slaehdar, (1962) (ormul8tion is used, as no npprecinble dif-
ferenee to the more involved turbulent energy parnmeteriution co ulrl be found. Rndintive 
transfer is ealeulated within lhe Two-Str eam Approximation wilh eight optieal windows 
in lhe infra-red . 
3. The Summer Episode 
'rhe summer episode from 22 . - 24 . Jun e 1981 is characterized by a shong persistent High, 
lo ented over the North Sea; ß frequent synpotic situation during summer in Northern 
ElLrope. The sY.nopti c wind dtiving the mod el was obtoined from Weather Map as 2 m/s 
ft o m the cast. 
Th e solution domain (Fig . I) was eovered with a 51X51X23 gtid with a vertieal gtid 
s pa e ing inereasing with height. Nincteen Innduse eategories (Fig .2) ranging from open 
seR I wad den nr ea 5, marshlands, snndy soil , fo resh, settlements, to downtown nrens , were 
s pe c ified as input t o the surfaee-energy-budg et modul. 
The model was initinlized with I-d profiles obtnined by lhe l·d version o( GESIM A . The 
simulations start nt 0:00 GMT, and resulls ar e presented from th e second day on Jenving 
o ne day for spin - up time . 
In Figs. (3.8) to (3 .f) 0 sequenee of wind fields 20 m above ground is depicled nt 6:00 , 
9:00, 12 :00, 15 :00 And 18 :00 . It is seen thnt Sehleswig-H o lstein is of too small An f:xl e' llt 
t o support two sepAorAote SCAo-breeze systems (or North- nnd Baltie 5ea . The weak synopti e 
wind from the east is sufHeient to prevent the appearallee of the land-breezc during night, 
Rnd to shift the sea-breeze front to the west coast. 
An impression o f th e vertieBI structure of th e wind Aeld can be obtained from the wind 
di s tribulion al 3 :00 in th e aflernoon 0 11 n ve rtieal x-z cut through the solution d o main 01 
grid plane J = J4, through the eentre of Hnlllburg (Fig. -4) . On th e abscissa , lIamburg is 
loc nted betwecn 150 and 175 km. 
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The lron spo rt of Pb wns cnlculated with a sou r ce emission inventory on the GESIM A grid 
o f 6X5 km' grid spnci ng (Fig. 5). The main emittor is trame wi lh more than 90 % of the 
total emiuions . lt was as s umed that the Pb pnrticles hnve nn average size of 11. I J,m 
ze ro sink velocity. In eonco rdane e wilh prior Ilndings the deposition ve loci ty was assumed 
to be 0.02 cm/s. Duc 10 Inek of info rmation no daily variation in emission strengths ..... ere 
ßssurned . The ealeulntions were performed wilh 20 ng/rn:! as bnckground coneentration 
obtai lled in GraßI eLal. (I989). 
The coneentrntion field in 20 m heigth above ground at 3:00 in the morning (Fig. 6.a) 
sh ows n eonsiderable higher eoneentration Ileld lhan the o ne at 3:00 in the afternoon (Fig. 
6.b). The sea-bteeze obviously has a ventila.ting effecl. As nlready the slight synoptie wind 
Ilsed in this episode prevents a nightly rdurnflow it ia likely that on ly little accllmulation 
oeell rs dllring severnl dnily eydes. The vertieal mixing ea n be seen by eompo.ring the 
eoneentrntion Acids on x - z cuts (Figs. 1.a and 7 . b) through the solution domain a1 J = 14 
for 3:00 in the nigM and 3:00 in th e afternoon of the following dRY . 
4. Thc Winter Episode 
Similorly to the !Iummet situation, the winter episode fr om 16. to 18. Jnnullry 1987 
is ehnrneterized by n persisten High over the North Sea. Even during dny time gIound 
temperntllres do not rise nbove 273 K (Fig. 8) whieh is the assllmed temperotllre of the 
sca. Thc whole land part of the solution domain is eovered by lInow rendering the sUIfnee 
more homgeneous th nn in su mmertime . 
Due 10 the extrcmc stnbilty of the atmosphcre th e wind Aeld is m ore or less slationary. 
Figs . 9.n and 9.b s h ow thc wind distribution nt ni g ht ol 3:00 a nd 01 3:00 in the following 
nfternoon . 
Sim il ar1y, the eoneentration Acids in 20 m height above g round vary litlle wil h time as ean 
be secn from Fig. 10.n (3:00 I\t night) nnd Fig. IO.IJ (3 :00 in the afternoon). The mayor 
sourees, lown nnd c:ities, ean ensi ly be detecte d. 
The vertiea.1 distriIJution of lead is depicted in Fig. II.a (6:00 in lhe morning) and Fig. 
!l.b (12:00 110011). 
The deposition pallern is depictcd in the sequenee Fig. 12.n to 12.d. Due to the higher 
ternpernture of thc Wndden Sen areas Rnd due to their Inrge r rOllghness length thnn the 
ones for lhe sl1ow-covered land, the co ld nir adveded ftorn Innd d estabilizes the surfaec 
laye r, Rnd nllows for on app reciablc deposition. e lose r insp edioJl shows that the dep osition 
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rale over the Wadden RreßS is ßround 1 Ilg/(m 1 s) which is ßboul the value obiained for 
these regions during summer. 
6. Conclusion 
Simulations nre presented for the transport of pnrticulate lead resulting from mainly from 
tralllc exhaust over the coastnl zone of Northern Germnny. Though the two episodes (sea. 
breeze flow in summer and inversion episode in winter) bear no meleorological similarity 
the resulting deposition rate of 1 ILg/(m 2 s) into the Wndden Sen areas is about the same. 
Over land the deposition concentrated atound the Illain settlements. There are only slight 
indicntions that Pb is accumlliated in a sea-breeze during several dnily cycles in the presenee 
of R bnckground synoptic wind. 
Provision of plotLing software by M. Resch is gratefuJly nknowledged. 
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Fig. 3: Wind Fields in 20 m Height above Ground nt n) 9:00, b) 12:00 , c) J5:00, 
d) 18,00. 
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Fig. <I : Windv ectors on n X-I cut through the solution domnin at J = 1<1 (thro ugh the 
center of Hamburg) at 18:00. 
Fig. 5: Source El11iuion Inventory for Pb rellulting from Troffic. 
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(NG/KG) 
Fig. 10: Concc ntrnti on Field in 20 m Height above Gtound at n) 3:00 and b) 16 :00, 
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Fig . 12: Pa.ltern of D eposition Rates a.t s) 0:00, b) 6:00, c) 12 :00 snd d) 18:00. 
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ABSTRACT 
Through the application of the k-€ turbulenee model to sea breeze 
simulation, numerleal experiments to investigate effeets of and 
to quantify reasonable range of a model parameter, i .e. e3c::' 
whieh controls buoyancy effeet in the c::-equation, were 
performed. The results showed that the parameter e3C:: should be 
varied in aeeordance with loeal thermal stratIfication for 
reasonable sea bre~z~ fo:mation: the preferred value of, c3c:: was 0 
for unstable stratlflcatlon and - 1.0 for stable stratlfleation. 
In addition, influenee of the formulation of horizontal eddy 
diffusivity on the eomputed sea breeze was also investigated. 
I NTRODUCTI ON 
Prediction of vertieal strueture of the atmosp~eric boundary 
layer (ABU has an inereasing need for regional-seale air-
pollution dispersion simulations. Particularly in eoastal and 
mountainous region potential complexity of the ABL under the 
influence of thermally induced local flows such as sea/land 
breezes and mountain/valley winds needs detailed description of 
the ABL structure for reliable air-pollution simulations. 
In the si tuations described above, dynamieal nature of the 
transport of turbulence should be predicted to bettel' evaluale 
fields of turbulence and eddy diffusivity. Thus use of dynamie 
turbulence model which allows transport of turbulent quantities 
and length-scale of the turbulence is necessary . 
The k-S turbulence model has begun to be used in meso-seale 
meteorologieal flow ealculation [e.g., I, 2, 3, 4, 5), sinee the 
model is relatively simple and needs only two additional 
transport equations for estimating the dynamical nature of 
turbulence to some extent. However, the values of the model 
parameters have not necessarily been well-established in 
meteorologieal flow si tuations, because the k-t::: model has been 
developed and applied mostly in various engineering-flows. 
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Especially, the parameter which controls buoyancy-effect on the 
dissipation rate, E , of the turbulent kinetic energy. k, has much 
uncertainty in i ts value, and , moreaver, lhe value should largely 
arfeet the calculaled flow and lemperaturc. Thus we have lried Lo 
quantify reasonable range oI this parameter lhrough sensitivity 
lest of the sea breeze Qver a hypolhclicaJ 3-D peninsula 
topography. In the calculations we uscd thee-equalion given in 
Hossain and Rodi(1982)[61 and Rodi(1985)[71 with the conventional 
k-cquation. The resul t obtained showed thai the parameter is 
bettel' Lo be changed according Lo lhe IDeal thermal 
slralification ralher than Lo be kept at its single value in the 
whole domain lhrough the simulation; i .e., the preferred values 
are a pos'ltive number whi~h is elose to zero for unstable 
si tualion and that elose to one for stablc situation. The use of 
the single fixed value of 0.8, whieh was suggested in Rodi[?], 
led to unrealistieally large vcrtieal eddy diffusivi ty in the 
inland mixed layer where mean horizontal wind was very weak . In 
the study we also examined the effects of horizontal eddy 
diffusivity on the sea brecze. 
MODEL EQUATIONS 
Conservation equations 
assumption for vertieal 
temperature, T, and the 
foliows: 
for momentum wi th the 
componen t, and tha t for 
mass-eontinuity equation are 
DU, I ap a I --) f I' U ö' U ) f" U m = - P aXI ' aXI - llJ I./. j t 1011 2 - n I - 2UII 3 
ap "" - P9 
aX3 
au, = 0 
ax, 
oe a -
Dt = aXI (-UIO) 
hydrostatie 
potential 
given as 
(2 ) 
(3) 
(4 ) 
whefe D/Dt represents substantial derivative as D/Dt = a/al 'V, 
(a/ax/). ti jJ the Kroneeker's delta, upper-ease letters stand fot 
the mean quant i ties and lower-ease letlers for the turbulent or 
fluctuating eomponents: e.g .• Ui for the mean veloci ty and Uj for 
the veloci 1y turbulenec, and f 1 and f 2 are the Conol is parameters as/, = 2,Qsinrandf2 = 2Qcosrwhere Q is lhe angular 
veloci ty of the earth's rotation and r is laU tude, i .e., r=35C>N. 
Equalion far the avcraged turbulent kinetic cnergy, /( = uJ 2/ 2. 
can be wrillen in its eonventional form as foliows: 
g': = ( - ll'UJ)~~: t ß9l.f.30 t a~1;) - (" ' 1 ~)llJI - e 
'--v----' '--v--J S G T 
(5) 
where S 
.nd T 
Eqs , (!), 
denotes the produetion by wind shear, G that by buoyaney, 
is for turbulent diffusion. The turbulent fluxes in 
(4) and (5) ean be given as foliows: 
-- lau, au,) 2. I 
- 1I,li, = v, dX, 'ax, - '3u fI l (6) 
- 1130 (7) 
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-" P 1-'/ ah 
- ( ( t P lU, = alt. (Jx, (8) 
where k' denotes instanlaneous lurbulent-kinetie energy, Le . 
I<' =- (1I2)U,2.. 
Equalion for the viscous dissipation rate, of turbulent kinetie 
energy has still large uncerlainty in its form. The eonvenlional 
form of e may be wri lten as follows [61: 
(9) 
where the second term on the right-hand side represents 
produetion , of e by wind-shear and buoyancy. In Eq. (9), the same 
coeffieient af eIe is used far bolh "shear-produelion" and 
"buoyaney-produe t I anti terms. Hawever, aeeord i ng 10 exper i men ta 1 
resul ts, the coeffieients for Sand G terms tend ta have 
different values depending on different flow situation [71 . Thus 
RodH7J tried to derive a generalized expression, which has 
"universal eonstant", for the second term on the right-hand side 
of Eq. (9) by rewriting it as: 
C I~ * ( S I G )( I I c3~R; (10) 
where Rf ' is 
definition Rf ' Subsli lution of 
expression: 
a modified 
~ -G/(S+G) 
this Rf ' 
flux Richardson number with its 
for horizontal buayant shear layer. 
into Eq.<IO) gives lhe following 
c I~ * [ S I (I - C3~) G I (11) 
We have star ted our numerieal experiments on sea breeze by 
adapting this formulation far thec:-equation as: 
(12 ) 
The formulation may be appropriate for sea/land breeze situation 
since land and sea surfaces work as heat sOUl'ce and sink, thus 
forming horizontal buoyant shear flow. 
A set of equations (I) through (5) .nd (12) wi th the 
relation for eddy diffusivi ty gives a mathcmatieal 
thermally driven meso-scale flow: 
'" VI = CI' e 
fo I1 owi ng 
model for 
(13) 
In prineiple, Eq.(3) represents eddy viscosi ty far hoth vertieal 
and horizontal directions. However, by the two reasons that 
turbulence in the earth's atmosphere is not isotropie because of 
thermal stratification and the limi ted verlieal extent due to 
existence of ground, and that in meso-scale flow simulation 
horizontal grid size usually has to be kept at much larger value 
than vertical grid size due to computational cast, we used 
Eq. (13) 021y far verlieal direetion, and adapted a constant value 
of 1000m Is for horizontal eddy diffusivi ty. Effect of the 
formulation of horizontal eddy diffusivi ty on computed sea breeze 
wi 11 be discussed in later scetion. 
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MODEL PARAMETERS 
Since purpose of this paper is to invcsligate effect of the 
buoyancy produc t i on term in lhe e -equa ti on, model parame ters 
e xpccl (ar c3e in Eq.(2) have been set at their conventional 
values (71, and they are tisted in Tab l e 1. 
The parameter c3e controls buoyancy-ef(ect on the e production, 
a nd is thus potentially very importanl (01' simulations of 
thermally driven (lows. Some o( the values for parameter 
reported in literatures are shown in Table 2, wi th those tested 
in thi s paper; Table 2 also describes simulation eases. Rodi[7] 
used singl~ value o( c3e = 0 . 8 (ease 1) (or heated surfaee jets, 
whi le Betts and Haroutunian (983) [81 used a li ttle strange 
values (ar atmospheric surfaee layer, i .e., e3e = 2 and - 0.8 (ar 
stable and unstable conditions, respectively (case 4) . Betts and 
Haroutunian's choiee implies thal buoyancy always works as source 
mechanism of the dissipation rate regardlcss of thermal 
stratification. We used c36 = land 0 (ar stable and unslable 
condi lions, respectively (case 0) in Dur previous sea breeze 
study [2,5]. Gase 3 in Tabte 2 adopls c3e = 0, indieating use of 
the original form of the e-equation, i .e. Eq. (9). 
Table 1. Model parameters. 
Cu ~ 0.09. C,< 1.44. C,< 1.92. 0, I. 06 I. 0< 1.3 
Table 2. Reported values of CJ E in Eq. (11) and simulation cases. 
Ca se No. 0+ ,. 2 
C3t for Stabie 1.0 0.8 0.5 
Stratification 
C3t for Unstabie 0 0.8 0.5 
Stratification 
• Used for heated surface jets [6. 1J. 
# Used for atmosJiIeric surface layer (8) . 
• Used for sea breeze simulation [2. 4. 5J 
3$ 411 5 
0 2.0 0.8 
0 -0.8 0 
S Thls leads to the original form of the t -equation. i. e.. Eq. (9). 
CALCULATION DOMAIN AND NUMEHICAL METHOD 
Figurc shows 3-D calculation domain where a peninsula is 
placed. Numerical mclhod applied is thal of the con tral volume 
(10) and is the same used in Kitada cl al. [2 ,5]. Temperature at 
sea surface has bcen kepl at constant and thai Dver land surface 
has becn varied sinusoidally, reaching its peak valuc, whieh is 
5°c higher lhan the sea surface lemperaturc, at 1400 LST. All 
simu l atio ns were slarted at 0800 LST, when temperatures aver both 
sea and land s ur(accs were the same. In the caleulations, the 
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lowest layer below 30 m high has been assumed as the constant 
Ilux layer, where the Monin-Obukhov similarity has been used [51. 
EFFECTS OF BUOYANCY PARAMETER 1N THEs-EQUATION ON COMPUTED SEA 
BREEZE 
To guantily an appropriate range of the parameter value (c38) , we 
have . examined resul ts of simulation cases I isted in Table 2 in 
terms of wind, temperature, turbulent kinetic energy, dissipation 
rate and eddy diflusivity. 
Figure 2 shows cross sections of computed eddy dillusivity and 
Fig.3 these of potential temperature along A-A' line in Fig 1 at 
1400 LST lor cases 0, 1 and 4. At the time, sea breeze is in its 
developed stage and the result 01 case 0 seems reasonable [5l. On 
the other hand, both cases 1 and 4 have produced unrealistic 
profiles as shown in Fig.2 (b) and (c). In case 1, using the 
single value 01 c3 = 0.8, production 01 the dissipation due to 
buoyancy tends to ~e underestimated in unstable layer compared 
with case 0 (standard case), e.g., the instantaneous production 
rate by buoyancy in case 1 can be estimated as 20% 01 that in 
case O. Thus the magnitude 01 eddy diffusivity has developed last 
and reached its extremelY Iarge value especially in inland mixed 
layer wh2re me an horizontal winds are very weak, e,g., maximum Vt 
is 6200m /s. In addition, because 01 this Iarge eddy diffusivity, 
cool air mass originated Irom sea side has been mixed guickly 
with warm air over land and lost its identity, and the simulation 
thus shows no penetration of sea breeze. 
In case 4 where c3'& = 2 and - 0.8 are adopted lor stably and 
unstably stratified layers, respectively, buoyancy lorce always 
works as much-enhanced source term in the s-equation. Therefore, 
turbulent kinetic energy can not grow large enough to generate 
convective layer over land surface. Hence sea breeze has not 
developed at all as shown in Fig.2(c) and 3(c). 
Case 2 with c3s = 0.5 has showed eddy dillusivity prolile 
similar to that 01 case 1, and thus gave similar shortcomings to 
the simulation, i .e. to produce very large eddy diffusivi ty. 
Results 01 case 5 were almost identicaI with those 01 case 0, 
showing realistic and reasonable sea breeze features. 
In ease 3 where c3s = 0 and thus the "standard" form of the s-
eguanon is applied, two production terms 01 the dissipation rate 
by wind-shear and buoyancy have equaI coellieient regardless 01 
thermal stratilieation 01 the IIow. Sinee this coellieient lor 
the bUoyancy term in stable eondi tion in case 3 has the largest 
value among those in all eases, the dissipation rate in stable 
layer should decrease more rapidlY than those in the other eases. 
Hence relatively large eddy dillusivity may appear in stable 
layer. This is shown in Fig.4(c) whieh illustrates vertical cross 
section 01 eddy diffusivity along B-B' (Fig.lJ in case 3. Namely, 
Fig.4(c) indicates relatively large eddy diflusivity over the sea 
surlace between x = 0 and 16 km, where the Ilow is stably 
s tra ti fi ed and, lurthermore, the turbul ence produeed over land 
surlaee is being transported in by the return flow of the sea 
breeze. In case 0, such a large eddy diffusivi ty has not appeared 
at similar locations, as shown in Fig.4(a), Since air mass over 
the sea surlaee shows stable stratification, we judge the result 
shown in Fig.4(c) is a Iittle strange compared with that 
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Fig.4(a)for case O. Figure 4(b) for case 1 presents again 
unusually large eddy diffusivity, as in Fig.2(b). 
HORIZONTAL EDDY DIFFUSIVITY 
As mentioned in previous section, the k-e model i8 for isotropie 
turbulence in principle. However, atmospheric turbulence is not 
necessarily isotropie. Furthermore, use of much larger grid size 
for horizontal direction compared with that for vertical 
direction may be inevitable in numerical simulation of meso-scale 
meteorological model, e.g., the grid sizes used is this study are 
dx = dy = 2km, and dZmin = 7m and dZma = 200m. Therefore, use of different 'formulation for horizonTal eddy diffusivity, with 
keeping relatively simple ·and desirable nature of the k-e 
turbulence model as a tool providing vertical diffusivity, may be 
required. 
Table 3. Simulation cases usiog different formulation 
for horizontal eddy diffusivity (m 2/s). 
rase No. Hl H2 H3' H4' 
v .. 100 1000 Eq. (14) with Eq. (14) with 
a = 0.72 a = 2 
• Used by Pielke (1974) [11] 
# Used by Kikuchi et a1. (1981) [12] 
In this study we have tested four cases on the horizontal 
diffusivity, as listed in Table 3. In these simulations, vertical 
eddy diffusivity has been determined by the k-e model with 
parameters listed in Table 1 and in case 0 of Table 2. 
Cases H~ and H2 use constant horizontal diffusivi ty v" = 100 
and 1000m Is, respectively. The other two cases H3 and H4 apply 
the following formulation with different values of parameter a: 
(4) 
Equation(14) is based on the idea of parameterizing effects of 
the sub-grid scale eddies [101, and was applied to meso-scale 
flow by Pielke (1974) [111. 
Figures 5 and 6 show horizontal cross sections of vertical wind 
velocity and vertical cross sections along A-A' line in Fig 1, 
cases Hl through H4, respectively. Contour maps of vertical wind, 
i .e. U3 ' in Fig.5 indicate the followings: (1) the constant v" 
of 100 m2/s (Fig.5(a» has produced many local maxima of the 
velocity U3 over the peninsula, where horizontal winds have been 
strong, probably because of numerical instability; cell 
structures faund in inland area, where me an horizonfal winds 
have been very weak, seem to be reasonable since development of 
convective cells can be expected in this area; (2) the constant 
v,. of 1000 m2/s (Fig.5(b» has genera ted reasonable U3 profile 
over the peninsula, although conveclive cells in inland have been 
smoothed out; (3) the horizontal diffusivity by Eq.(14) with a = 
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0.72 (Flg.5(c» has produced good U3 profiles In general, whlch 
show deslrable characterlstlcs over the peninsula and the Inland 
area; and (4) use of Eq.(14) wlth a = 2 (Flg.5(d» has resulted 
In overly smoothed profile of U3 over the peninsula; thls can be 
seen also In the vertlcal profile of k In FIg.6(d), showlng no 
local maxlma over the peninsula, whlch Is totally different from 
FIg.6(b) (case H2) and 6(c) (case H3). Flgure 7 presents temporal 
change of spatlai distribution, along A-A' line In FIg.I, of v" 
by Eq.(14) wlth a = 0.72 (FIg.7(a» and 2.0 (FIg.7(2». Maximum 
value of v" In case H3 In Fig. 7(a) I~ about 1400 m /s. On the 
other hand, that In case H4 Is 4500 m /s, as shown In FIg.7(b), 
whlch see~s too large. The values of v,. over the Inland area, 
where mean horizontal winds are weak. are small in both cases. 
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CONCLUSIONS 
Numerlcal experiments on the k-e turbulence model applled to sea 
breeze simulation have been performed; the study has trled to 
quantlfy a reasonable 'range of a model parameter, c3e' whlch 
controls buoyancy effect In the e-equatlon. In addition, effects 
of formulatlon for horizontal eddy dlffuslvlty on sea breeze 
simulation have also been tested. Concluslons are as foliows: 
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(1) In the appIieation of the k-e model to stratified meso- seale 
flow, mueh attention shouId be paid to the buoyaney term in the 
e-equa ti on. 
(2) The parameter e3e is better to be ehanged aeeording to IDeal 
thermal stratifieation; the preferred value of e3e for sea breeze 
simulation may be 0 for unstable layer and - I for stable layer. 
(3) For horizontal grid size of 2 km, Eq.(14) with a = 0.72 may 
be gOO~ choice for sea breeze simulationj to set minimum value as 
100 m /s will be preferable for the stability of numerieal 
solutions with keeping the model's ability to reproduee 
eonveetive eell strueture in inland mixed layer where mean 
horizontal winds are weak. 
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MODELLING OF ATMOSPHERIC DISPERSION FOLLOWING ACCIDENTAL RE-
LEASES FROM NUCLEAR POWER PLANTS - AN INTERCOMPARISON OF REVI-
SED FRENCH AND GERMAN MODEL CONCEPTS -
K. Maßmeyer1 , B. Crabo1 2 , R. Martens 1 , 
K. Nester), E. Romeo2 and H. Schnadt 4 
, GRS mbH, postfach 10 16 50, D 5000 Köln 1 
2 CEA-IPSN, F-92260 Fontenay-aux-Roses, Cedex, B.P. No.6 
3 Kernforschungszentrum Karlsruhe, IMK, Postfach 3640, D 7500 
Karlsruhe 
, TÜV Rheinland, Postfach 10 17 50, D 5000 Köln 1 
1 Introduction 
The assessment of radiological consequences resulting trom 
ace iden tal releases of a nuclear installation is based on the 
calculation of atmospheric transport of radionuclides. An in-
tercomparison of the calculation procedure in Gerrnany and 
France shows differences characterized as follows: 
the relevant guideline in Germany recommends usage of the 
Gaussian-plume-rnodel and dispersion parameters derived from 
the dispersion experiments at the research centers of Jü-
lich and Karlsruhe /BMU, 1989/ 
of ficial guidelines to calculate the radiological conse-
quences do not exist in France. At the Institut de Protee-
tion et de Sure te Nucleaire (IPSN) radiological consequenqe 
assessment can be done by using three different types of 
Gaussian based models (nomograms, plume- or puff-model), 
each of them with the dispersion parameters based on Doury 
(1976) . 
Under the mandate of the German-French Commission for nu-
clear safety aspect;:.s (DFK), an intercomparison of these two 
methods has been carried out in 1987. Source distances up to 
20km and a continuous release have been considered. The re-
sults revealed differences \'lhich could be attributed to the 
different parametrizations of the dispersion parameters. In 
view to an accident at a nuclear power plant located near the 
French-German border , the application of both methods could 
yield different emergency actions in both countries, a situa-
tion which is scientifically and politically unacceptable. 
Therefore the advisory board of the DFK gave another mandate 
to review and update the methodology for calculation of at-
mospheric transport of radionuclides to come up with a calcu-
lation scheme for emergency actions which should be used in 
both countries. 
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In the following chapters the activities of a working 
group are summarized, ,starting with a description of different 
turbulence parameterization methods for Gaussian puff models. 
The results of the proposed models have been compared to dif-
ferent dispersion experiments as weIl as to calculations with 
the methods used in the past. 
2 Update of the Modelling concepts 
In october 1987 a workshop of the DFK (1988) dealt with a 
discussion of appropriate methods for calculating atmospheric 
dispersion for emergency actions focussing on souree distances 
up to 20km. The French and German participants agreed on the 
fact that a Gaussian-puff-model should be used to calculate 
the atmospheric dispersion following· a nuclear accident. 
Different ways to determine the diffusion parameters have been 
discussed. A spectral approach has been favoured by the French 
side, while a combined similarity and convective scaling ap-
proach has been given preference by the German participants. 
2.1 French approach 
The French approach is based on considerations upon the 
turbulence spectra and relations between the spectra and the 
standard-deviations. Assuming the emission of successive puffs 
that we observe after a travel time t and during a sampling 
time T, the standard-deviation of the distribution of a pollu-
tant is a combination of two phenomena: the relative diffusion 
of the puffs around their centers of mass, noted (Jb' and the 
dispersion of the centers of mass of the puffs, noted (Jc' The 
total standard-deviation a is the result of these two phenome-
na which are assumed to be uncorrelated: 
(1) 
The relative diffusion has been studied by Smith and Hay 
(1961) : 
wt dob '/dt=4/3ff F,(n) .sinc(2"nt/ß). (1-exp(-(2"n"b/u) ')) dt dn (2) 00 
F, (n) 
ß 
u 
Eulerian turbulence spectrurn in terms of frequency n 
variable relating the Lagrangian values to the 
Eulerian values where sinc(a) = sin(a) I a 
characteristic velocity of the scale of turbulence 
considered 
The second type of diffusion is based on Taylor's formu-
lation (1921): 
a 2=t 2 iF,(n) .sinc 2 (nnt/ß). (1-sinc 2 (nnT)) .exp(-(2nn<Jb/u) 2)dn (3) 
, 0 . 
In order to solve the equations of ab and <Jc , it is necces-
sary to choose F,,(n) and ß. The turbulence spectrum is consi-
dered as made of two parts ICrabol, 1979 and 1'985/. One part 
is called "8mall Scale Turbulence" corresponding to high fre-
quencies, which are linked to the mechanical and thermal tur-
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bulence generation in the lower part of the planetary boundary 
layer. The other one is called hLarge Scale Turbulence" and 
corresponds to lew frequencies being speci fie of the lower 
troposphere. 
Fer the deseription of the high frequency region the empi-
rie formulations of speetra found in the literature have been 
adopted Ihorizontal direction and stable stratification: Ole-
sen et a1., 1984, eq. 15-17; vertieal direction and stable 
stratification: Busch and Panofsky, 1968, eq. 7 and 12; hori-
zontal direction neutral and unstable stratification: Hoj-
strup, 1981 in Panofsky and Dutton, 1984, eh. 8.4, eq. 13i 
vertica1 direction neutral and unstable stratifieation: Hoj-
strup, 1981~n Panofsky and Dutton, 1984, eh. 8.4, eq. 8/: the 
energy spectra are functions· of the frietion velocity ll" the 
boundary layer height h, the height z in the atmosphere, the 
mean velocii.:y of the wind u(z), the roughness length Zo and 
the Monin-Obukhov length L. 
In the low frequeney re·gion and in the hori zontal diree-
tion the van der Hoven spectrurn Ivan der Hoven, 1957/ has been 
adopted up to now. The low frequency part of the spectrurn is 
assumed to be independent of meteorological condi tions. For 
travel times relevant in the dispersion experiments analysed 
in chapter 3, the low frequency part of the vertical turbulen-
ce spectrum has only little influence on the evolution of the 
dispersion parameters. Therefore no further characterization 
of the low frequency spectrurn will be given here. 
Because of the similarity between the Eulerian and Lagran-
gian velocity correlations RE and R~, a connection between them 
may be expressed IHay and Pasquill, 19591 as: 
RL(~) = R,(t) with ~ = ß.t or 
The value of the parameter ß is assumed to be a function· 
of the frequency and of the atmospherie stability /Smith, 
1968/ and is drawn from the literature /Solot and Darling, 
1958, Kao, 19581 (large seale of turbulenee f}--{).5; small seale 
of turbulence ß=2 for unstable stratification, ß=4 for neutral 
stratification and ß=6 for stable stratification). 
2a2 German approach 
The gerrnan pararneterization of the atmospheric turbulenee 
is a hy~rtd a~pr~ach ~f surface layer similarity and.convecti-
ve scallng. Wlthln thlS approach the turbulent time seale and 
the turbulent fluetuations are only functions of the friction 
velocity u., the eonvective scaling velocity W., the boundary 
layer height h, and the height z in the atmosphere: 
characteristic time scale 
lJI2 f(u.,w.,z,hl variance of wind speed eomponent u 
(4 ) 
(5) 
The eharacteristic time seales tor neutral and unstable 
atrnospheric stability can be determined using the forrnula: 
(6) 
150 Monitoring and Modelling in the Mesoscale 
with au=av=a...,,=O.17 foliow"ing Hanna (1981), 
where h... (z/h) expresses a height dependance for the vertical 
time scale /Janicke, 1987/. The corre~ponding standard devia-
tions (J of the velocity components u,v, and w can be expres-
sed as: 
O'u,v ..... = «bu•v ..... u,ln + (cu,v ..... W.)n)l!n !1w(z/h) 
Based on (Janicke, 1987) with n=3 one gets 
b u=2.5, b v=2.0, b...,=1.3 and 
c u=0.73, cv=0.58, c...,=1.38 (z/h) **1/3. 
(7) 
We have found a lot of different va lues for the coefficients 
au,v.wl bu.v,,,, and cu.v ..... in the literature. However the differen-
ces are seldom larger ~han 10%. 
In a stable atmosphere (w. equals zero) the variations of 
the coefficients among different authors are more pronounced 
than in a neutral or unstable atmosphere and all parameters 
show a height dependance. The same values for the coefficients 
au.v,v und bu.v • .., as for an unstable stratification have been ap-
plied. 
Implementing such pararneterizations in a Gaussian-puff-
model(RIMPUFF /Mikkelsen et al., 1984/) the height dependance 
is neglected and 0u=ov has been assurned. The neccesary horizon-
tal (h) and vertical (z) dispersion parameters are calculated 
according to 
(8) 
with t equal to the travel time of a puff. With the forrnulas 
(6) - (8) dispersion parameters for averaging times of the me-
teorological input data of 0.5 - 1 hour can be calculated. 
This averaging time limits their applicability to emission ti-
mes of O.5h and longer. Correction factors have to be applied 
for shorter emission durations. 
The input parameters of this method can be calculated 
using a meteorological preprocessor and site specific data li-
ke roughness length, emission height and observed meteorologi-
cal data. 
3 Comparison af the parameterization schemes· 
The methods of turbulence' parameterization described in 
the preceeding chapter have been compared for typical meteoro-
logical conditions of French and German sites, averaging ti-
mes of the meteorological parameters of T=0.5h, and travel ti-
mes t up to some 1000 s. For source heights ranging from 10m 
to 180m above the ground and under unstable and neutral at-
mospheric stability bath methods show similar results. Typical 
deviations between the dispersion parameters are in the order 
of some 10%. Under stable conditions, however, the horizontal 
dispersion parameters derived from the spectraJ. approach are 
much larger than the dispersion parameters calculated by the 
similarity method. These differences can be attributed to the 
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large scale part of the turbulence spectrum (e.g. meandering 
of the windfield) which is not included in the similarity ap-
proach. Excluding the large scale part from the turbulence 
spectrum the spectral theory yields dispersion parameters com-
parable to the similarity approach. 
The decision whether these updated modelling techniques are 
superior to those used in the past could be supported by a 
comparison with dispersion experiments. Some of the dispersion 
experiments carried out at the Karlsruhe Nuclear Research Cen-
ter (KfK) and experiments under low wind speed conditions per-
formed by the NOAA at Oak Ridge, Tennessee have been chosen 
for this purpose . For both experimental series the measured 
and calculated time integrated surface concentrations have 
been compared using different performance measures 
(Chi-square, relative Chi-square, scatterplot of measured and 
calculated concentrations, mean error factor, cumulated fre-
quency distribution of the ratio of measured and calculated 
time integrated concentrations and a boots trap method follo-
wing Hanna (1989). For short only the intercomparison of the 
models with the data of the KfK-experiments will be reported 
in this paper. The results of the intercomparison of the spec-
tral approach wi th NOAA-data will be puplished in a forthco-
ming report (Romeo, 1991). 
Thomas and Nester (1985) have summarized the results of 
the tracer experiments at the Karlsruhe Nuclear Research Cen-
ter. The test field consisted of open spaces and built-up as 
well as wooded a.reas. The dispersion· experiments comprised 
source heights of 60, 100, 160, and 195m. Besides the measured 
concentrations and the emission data comprehensive information 
about the rneteorological conditions up to a height of 200m has 
been available. During most of the experiments two tracers ha-
ve been released from different heights in several time inter-
vals. The sampling time has been 0.5h. For 39 sampling periods 
the old and new modelling approaches have been compared with 
the measurements. 
Generally the application of the above mentioned perfor-
mance measures result in a similar rating of the ability of a 
model to calculate tracer distributions specific for each dis-
persion experiment. Typical examples of the performance of the 
new parametrization techniques can be given by an intercompa-
rison of measured and calculated time integrated tracer-
concentrations for 60m-emission height. The dispersion experi-
ments have been grouped in 3 different stability regimes (un-
stable - diffusion categories A and B, neutral - diffusion ca-
tegories C and D. stable - diffusion categories E and F). Only 
those receptor points have been retained in the datasets where 
the measured tracer concentrations exceed 1% of the maximum 
concentration detected duririg each experiment. The resulting 
datasets comprised 112 to 167 receptor points per stability 
regime. They have been evaluated using the boots trap resam-
pling method described (Hanna. 1989). As performance measures 
the fractional bias (FB) and the normalized mean square error 
(miSE) have been used, the first giving an estimate of the mo-
dels ability to describe high concentration values, the latter 
one as a global indicator for the scatter between observations 
and predictions. Means and confidence intervals of the two 
performance measures have been calculated. The resul ts are 
summarized in fig. 1 and 2. The evaluation of the experiments 
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du ring stahle stratification has been omitted due to large de-
viations between modelIed and measured data. 
neutral ~ 
0.25 
T 
0.25 
FB = 2 (C; - C;) FB 0 
Si FD 0 
1B~ (C; + t:;,) 
-0. -0.25 I S, DMV Co: observed · ... concentratlon 1 1 
Cp : calculated concentration ~O.5 -0.5 1 
-0.15 -0.75 
Fig. 1: Fractional bias (FB) and confidence limits 
(95%-percentile) between measured and calculated concentration 
data at Karlsruhe Nuclear Research Center for 60m emission 
height (Si = similarity approach, Sp = spectral approach, BMU 
= German Guide1ine /BMU 1989/) 
NMSE = (Co - C,)' 
~x4 
Co: observed concentration 
C,: ca leu la ted concentration 
NMSE 
2 
0'------
~J 
NMSE
2 I t 
1 
0'-------
Fig. 2: Normalized mean square error (NMSE) and confidence li-
mits (95%-percentile) between measured and calculated concen-
tration data at Karlsruhe Nuclear Research Center for 60rn 
emission height (Si = similarity approach, Sp = spectral ap-
proach, BMU = Gerrnan guide1ine /BMU 1989/) 
The evaluation of the experiments under unstable and 
neutral conditions shows that both new appproaches give better 
results than the model of Doury. The similarity approach and 
the spectral approach implemented in a puff model give results 
of the same quality than the calculations with the Gaussian-
p1ume-mode1 /BMU, 1989/. In contrast to the p1ume model 
using dispersion parameters which have partly been deduced 
from the KFK-experiments - the new approach es work on the ba-
sis of turbulence parametrizations which use only si te 'speci-
fie topographieal and meteorologieal information. 
However for stable stratification both new techniques fail 
in the prediction of the concentrations. During most of the 
experiments under stable cenditions broad distributions of 
tracer concentrations have been observed at ground level. This 
plume geometry could not be reproduced by similarity er spec-
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tral approach. Additional caleulations with the puff model 
using aetual turbulenee information in emission height (hori-
zontal and vertieal wind direetion fluetuations as deteeted by 
veetor wind vanes) or wind shear information using a Lagran-
gian particle model did not yield to better results. Mesoscale 
circulation systems like meander - attributable to the large 
seale turbulence - have often been reported as a mechanism for 
broadening of tracer plumes. They can be excluded as a reason 
for the resul ting eoncentration field because time dependent 
wind direction data have been used for the dispersion calcula-
tions. No large scale periodieity could be detected in the ti-
me series of the wind direction in 60m height above the 
ground. We assume that under stable stratification loeal flo\>IS 
have developed near the ground (due to the inhomogeneity of 
the experimental area and the slightly uneven terrain) which 
are responsible for the detected broad concentration distribu-
tions. 
4 Conclusions 
It can be sumrnarized that the simulations with the simila-
rity approach and the spectral theory show a slightly better 
agreement to the measured concentration data than the schemes 
used in the past. Both approaches only use si te speeific me-
teorological data to calculate the neceessary input parameters 
by conventional boundary layer theory. 'The mean advantage as 
compared to the older schemes is the independanee from the ex-
periments analysed. The dispersion parameters can easily be 
dra\>ffi from temperature gradient and wind speed measurements. 
They allow a continuous charaeterization of the atmospheric 
dispersion independent of diffusion categories. 
The spectral approach ineorporates the sampling time of 
the meteorological data as an adjustable parameter. This al-
lows an adjustment of the dispersion model to different emis-
sion scenarios (short puff release, continuous plume release). 
Therefore this turbulence parameterization scheme will be fo-
reseen as the basis for a joint French-German puff model. 
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Influence of horizontal grid resolution on simulated wind and pollution 
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ABSTRACT 
In this paper the non-hydrostatie mesoseale model MEMO, whieh has 
been developed at the University of Kadsruhe, is applied to simulate the 
sea/land breeze circulation in the Greater Athens Area. In contrary to 
previous studies with the model for this area (Flassak and Moussiopoulos 
[1], Flassak [2]), the rum of this paper is to investigate the dependenee of 
the numerical result on the horizontal grid resolution. Three different 
horizontal resolutions with a grid spacing of 4 km, 2 km and finally of 1 
km are chosen whieh lead to 18x24, 36x48 and 72x96 horizontal grid 
points. In addition to wind field simulations, the dispersion of a polIutant, 
in this case of CO whieh is treated as non-reaetive, is simulated at the 
three resolutions. 
INTRODUCTION 
For dispersion simulations of alr polIutants the knowledge of the three-
dimensional and time-dependent wind field is a prerequlsite. To generate 
the wind field, in the last deeade a lot of work has been done in the 
development and improvement of prognostic wind models whieh in prin-
cipal solve the eonservation equations for momentum, mass and energy 
numerieaIly. Additionally, wüh the avallability of extremly powerful 
supereomputers Iike the SIEMENS S 600/20 high resolution numerical 
wind field as weIl as dispersion simulations ean be performed providing a 
more and more realistic view inside of the three-dimensional and 
time-dependent physical processes. 
Aim of this paper is to investigate the dependenee of simulated wind 
and eoneentration fields on the horizontal grid resolution. After abrief 
deseription of our prognostic wind model MEMO, simulated wind fields 
for the Greater Athens Area obtained from model runs with 4 km, 2 km 
and finally 1 km horizontal grid resolution are given. On the basis of those 
wind fields the dispersion of CO is computed with an Eulerian grid modeL 
Results of those simulations are presented in the last seetion of this paper. 
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Figure 1. 
N 
1 
>-----" 
10 km 
Topography in the Greater Athens Area. Altitude isopleths are 
contoured at 100 m, residential areas are stippled, industrial 
areas in the Athens basin and in the Thriassio plain are solid; 
the framed square corresponds to the domain shown in Fi!j. 3; 
in later sections results are given for the locations 'C' (sea 
adjacent to the coast), 'U' (urban) and 'S' (suburban). 
MODEL DESCRlPTION 
In this section ouly abrief description of our non-hydrostatic mesoscale 
model MEMO is given. More details can be found elsewhere (Flassak [2], 
Flassak and Moussiopoulos [3]). Within MEMO, the conservation 
equations in the atmosphere for moment um, mass and scalar quantities as 
potential temperature, turbulent kinetic energy and specific humidity are 
solved numerically. The presented results are obtained with the model 
version using the Boussinesq approximation. For the calculation of the 
turbulent diffusion K-theory is applied. The exchange coefficients for 
momentum and scalars are computed with an one-equation turbulence 
model (1 PDE for the turbulent kinetic energy, algebraic equation for the 
mixing length). At roughness height Zo similarity theory is applied where 
u' and 0* are calculated from the Businger equations. 
The governing equations are solved in terrain-following coordinates. 
Non-equidistant grid spacing is allowed in the vertical and also in the two 
horizontal directions. Within the transformed coordinates, Cartesian 
momentum components are kept but derivatives are computed from the 
transformed coordinates (Clark [4]). Divergence operator and pressure 
gradient contain only pure differential quotients rather than products of 
metric coefficients and differential quotients. As a consequence, mass and 
momentum conservation is guaranteed within the discrete model 
equations. 
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The model MEMO inc1udes an efficient numerical scheme for the 
calculation of the atmospheric radiative heating/cooling rates and of the 
radiative fluxes at ground level for both c1ear and polluted or c10udy 
atmosphere (Moussiopoulos [5]). The land surface temperature is com-
puted from the surface heat budget equation. For the calculation of the 
soi! temperature, an one-dimensional heat conduction equation for the soi! 
is solved. Water temperature is kept constant during a simulation. 
MODEL APPLICATION 
The non-hydrostatic mesoscale model MEMO was applied to simulate the 
sea/land breeze circulation in the Greater Athens Area (GAA). Athens 
with a population oi 3.5 million inhabitants is located in a basin of 
approximately 450 km2 and is surrounded by mountains on three sides and 
the sea on the fourth. 
The simulations were performed for a 48 ho urs period starting at 
midnight. The synoptic wind (ug=+0.5 m/s, vg=-1 m/s) was kept 
constant during the whole simulation and was used to initialize the 
velocity field with a mass consistent wind field.model. At time zero, the 
atmosphere was considered to be neutrally stratified (e = 297 K) up to 
500 m. Above 500 m a stable stratification (80/ 8z = 3.5 K/km) was 
assumed. 
For the calculation of the wind field a modeling domain of 
72x96x6 km was chosen. Three different horizontal resolutions with a grid 
spacing oi 1, 2 and 4 km lead to 72x96, 36x48 and 18x24 horizontal grid 
points. In the vertical direction the grid consists of 35 layers and is 
non--equidistant with a minimum grid spacing of 20 m near the ground. 
The timestep is given in Table 1. Calculations were performed on the 
vector processor SIEMENS S600/20 with IGByte core memory and a peak 
performance of 5 GFlops. Memory demand and the ratio of simulation 
time to computer time are shown in Table 1. 
Table 1. Description of the runs (Lh: grid spacing in horizontal 
direction, Llt: timestep, t'im/tcom: ratio of simulation to 
computer time, CMD: computer memory demand) 
# Number oi Llx Llt tSim/ CMD 
grid points teom 
IMxJMxKM km sec MB 
1 18x24x35 4 20 359 3,0 
2 36x48x35 2 15 87 10,5 
3 72x96x35 1 7.5 13 39,1 
RESULTS 
In the following subsection we present surface wind fields at different 
times elucidating the sea/land breeze in the GAA. Subsequently, we 
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discuss how the numerical resolution affects the wind fields. The influence 
of the horizontal resolution on dispersion modeling is given in the last 
subsection. 
The sealland breeze circulation in the GAA 
Figs 2a-d show the surface wind field (approximately 10 m AGL) of 
Run 3 (72x96x35 grid points) at 0600, 1200, 1800 and 2400 LST on the 
2nd day of the simulation. For reasons of c1earness, in these pictures ouly 
one fourth of the vectors are plot ted and 16 km of the southern part of the 
computational domain are truncated. 
Figure 2. Computed horizontal wind field at high resolution (Run 3) in 
the lowermost computationallayer (approximately 10 m AGL) 
at 0600, 1200, 1800 and 2400 LST on the 2nd day of the 
simulation (only one fourth of the wind vectors are shown; 
altitude isoplets are contoured at 200 m). 
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At night the temperature over land is lower than over the sea. This 
induces an off-shore flow near the ground, the land breeze. Over a sloped 
surface trus circulation system is enhanced: The air temperature dose to 
the ground is lower than the air temperature at the same elevation but 
away from the surface. This results in downslope mountain winds. The 
combined effect of downslope mountain wind and the land breeze is 
evident in the wind pattern at 0600 LST (cf Fig. 2a). During daytime the 
inverse situation occurs: As the temperature over land is higher than over 
water, a sea breeze develops. In addition, valley winds occur: Air adjacent 
to the mountain slopes is warmer than air at the same height in the 
atmospherej ,this causes apressure gradient toward the mountain slope 
near the ground. As shown in Fig: 2b, the combined sea breeze and valley 
wind system is fully developed at 1200 LST. Because of the strong vertical 
mixing during daytime the induced circulation system is much stronger 
than the inverse nighttime effect. At 1800 LST (Fig. 2c) the surface 
temperature has already exceeded its maximum valuej consequently, the 
intensity of the sea breeze is decreasing. Between 1200 LST and 1800 LST 
the wind direction is nearly constant. As shown in Fig. 2d, at midnight 
the nighttime pattern is almost reestablished. 
Influence of the horizontal resolution on the wind field 
Simulations with a horizontal resolution of 1, 2 and 4 km have been 
performed (cf. Table 1). Surface wind fields for these three runs at 0600 
and 1200 LST on the 2nd day of the simulation are shown in Fig. 3. In 
thls figure ouly a subdomain is shown (cf. Fig. 1). 
Comparing the flow pattern qualitatively, it could be stated that 
even the coarse grid simulation (Run 1, !J.x = 4 km) resolves the main 
features of the sea/land breeze in Athens. However, the medium and high 
resolution runs additionally produce small scale structures which are not 
resolved at low and medium resolution, respectively. The differences 
maiuly occur above the mountain slopes and their surroundings as can be 
seen for instance at 0600 LST above Mount Aegaleon, west of Athens. 
During daytime the flow converges above the summit of the mountains. 
At thls location the upward velocity is strongly dependent on the 
numerical resolution, the hlghest values being calculated at hlgh 
resolution. 
Differences in the three runs occur because the model 'sees' at the 
three resolutions different topographles (e.g. steeper mountains with 
increasing resolution, a different coast line and also a different land use 
whlch causes differences in the surface temperature computed from the 
non-linear heat budget equation). Also a different numerical resolution 
affects the non-linear advection of 'momentum and the amount of 
numerical diffusion which is dependent on the grid spacing. 
Dispersion modeling at different horizontal resolutions 
To elucidate the influence of different resolutions in the wind field on 
dispersion modeling, transport and turbulent diffusion of a pollutant, in 
thls ca se of CO, is calculated with an Eulerian grid model. In the GAA, 
CO is emitted almost only by motor vehlcles. For this calculation, CO is 
considered as non-reactive. Thls assumption has been proofed by per-
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Figure 3. 
/ 
5rn/s 
Computed horizontal wind field at low, medium and high 
resolution (Run 1-3) in the lowermost computational layer 
(approximately 10 m AGL) at 0600 and 1200 LST (Altitude 
isoplets are contoured at 100 m). 
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Figure 4. Normalized spatial distri-
bution of the CO-emission 
(here the CO-emission distri-
bution at high resolution 
is given) 
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Figure 5. Non-dimensional 
diurnal CO-emission 
rate 
forming calculations with a dispersion model for chemically active species 
(Moussiopoulos (6], cf. also Moussiopoulos et al. [7]): For these time and 
length scales, dIUrnal cycles of the CO-concentration treating CO as 
reactive differ only slightly from corresponding cycles, where CO was 
considered as inert, 
For this simulation a yearly emission of 437.9 ktJa was assumed 
which is an es ti mate for 1990. Available emission data were used to 
compile an emission inventory with a horizontal resolution of 1 km. The 
normalized spatial distribution and the non-dimensional diurnal emission 
rate in Athens are shown in Figs 4 and 5. The runs with the dispersion 
model are performed with the same number of grid points as given in 
Table 1. Surface concentration fields calculated at low, medium and high 
resolution at 0600 and 2400 LST on the 2nd day of the simulation are 
shown in Fig. 6. Additionally, diurnal cycles of the surface CO-concent-
ration at the locations 'C', 'U' and 'S' (cf. Fig. 1) are given in Fig. 7. 
At 0600 LST the influence of the prevailing land breeze is dominant 
advecting emitted CO toward the sea in southern directions. At high 
resolutiori, parts of CO are advected to the north and south of Mount 
Hymettos toward the Mesogia Plain. At medium resolution, the advection 
process only occurs to the north of Mount Hymettos and at low resolution 
this transport paths are not resolved. At 2400 LST also differences in the 
surface concentration are evident: At high resolution, to the south of 
Mount Aegaleon, CO is adve'cted rather to the west than to the southwest 
as in the two other runs. This results in a pronounced peak in the diurnal 
cycle of the high resolution run at the coast point 'C' around midnight (cf. 
Fig. 7c). 
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Figure 6. 
2400 LST 
2400 LST 
2400 LST 
Computed CO-concentration field at low, medium and high 
resolution in the lowermost computationallayer (approximately 
10 m AGL) at 0600 and 2400 LST. 
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TIme(h) TIme(h) TIme(h) 
Diurnal cycle of the CO-eoncentration at location 'C', 'u' and 
'S' in a height of 10 m AGL at (a) low, (b) medium and (c) 
high resolution. 
In a1l three runs, at point 'U' the computed daily cycles of the 
surface CO--eoncentration show the typical peaks which normally can be 
detected on monitored daily cycles of the downtown surface CO-levels 
under sea breeze conditions. However, at low, medium and high 
resolution, differences in the CO-levels are evident which do not have a 
systematic trend (Le. lowest peak value in the morning hours at medium 
resolution). 
CONCLUSIONS 
In this paper the wind field and subsequently the dispersion of CO 
(considered as non-reactive) in the Greater Athens Area (modeling 
domain: 72x96x6 km) were simulated at different horizontal resolutions (1, 
2 and 4 km leading to 18x24, 36x48 and 72x96 horizontal grid points). 
Although the low resolution wind field simulation shows the major 
features of the sea/land breeze circulation, at medium and especially at 
high resolution additionally small scale wind pattern are resolved which 
cause not negligible differences in the concentration field and should be 
taken under consideration as an intrinsic error when comparing computed 
and measured concentration values. The obtained ratio of simulation time 
to computing time of the high resolution run reveals that, if the code is 
weil structured and efficient algorithms are applied as it is done in the 
non-hydrostatic mesoscale model MEMO, meanwhile such simulations 
can be performed at a reasonable computing time. 
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Industrial Emissions of Air Pollutants in Thessaloniki 
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ABSTRACT 
Industrial aetivities and road traffie eause the vast majority of the 
pollutant emissions in the Greater Thessaloniki. The present paper deals 
with the industrial emissions. With the exeeprion of three large emission 
sourees, whieh are eonsidered as point sourees, industrial pollution sourees 
are assumed to eonstitute area sourees. In the ease of the latter emission 
rates are ealeulated from fuel eonsumption data and sultable emission 
faetors. 
INTRODUCTION 
Thessaloniki, the eapital of Maeedonia, is the seeond largest city in Greeee 
with a population of about one million. As in many other Mediterranean 
urban areas, air quality in the Greater Thessaloniki Area (GTA, Fig. 1) is 
rather poor beeause of the high levels of anthropogeme alr pollutant 
emissions. 
In Greeee emissions of alr pollutants are traditionally classified into 
three maln eategories, heating, traffie and industry, the latter including 
major produetion plants as weil as smaller units closely related to 
eommereial eonsumption (e.g. bakeries, small faetories, laundries, paint 
shops). In this sense, the vast majority of the emissions in the GTA are 
associated with the heavy traffie and with the manifold industrial aetivities 
in the area. 
Figure 2 shows the annual emissions rates of major polluters in the 
GTA for all types of alr pollution sourees 1 2. As expeeted, industrial 
sourees are eharaeterized by high S02 emissions, while traffie leads to high 
emissions of the photosmog preeursors (Le., NO x, VOC and to·a lesser 
extend CO). 
Industrial aetivities are eoneentrated in the periphery of the GTA. The 
largest plahts are loeated in the regions of Sindos, Kalohori, Diavata and 
Efkarpia. Sm aller units operate also at Asvestohori, Thermi, Mihaniona 
and Vassilika (Fig. 1). 
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Figure 1. Map of the Greater Thessaloniki Area (GTA). The residential 
area is stippled, zones with industrial activities are marked. A, Band C 
represent the three major industrial air pOllution sources in the GTA. 
METHODOLOGY 
In the following we present the emissions of NOx, VOC, CO, S02 and TSP (total suspended particles) from industrial activities in the GTA. Emission 
calculations are based on data valid for 1990 which were collected by the 
Organization of Thessalonikil .All data were elaborated on a 1 km x 1 km 
grid. In view of the different nature and precision of the original data, 
various diurnal variation functions were applied to achieve a temporai reso-
lution of 1 hour. 
With the exception of the three largest industrial air pollution sourees, 
for which emission data are directly available, industrial pollution sources 
are considered in this study to constitute area sourees, the emission of the 
latter being derived from fuel consumption data and suitable emission fac-
tors. The former may be related to usually available production data. An 
alternative treatment for the area sourees, would be to es ti mate emissions 
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from yearly production data for entire branches and emission factors per 
unit of the goods produced. As no relevant information is available to est-
imate the latter, however, this approach is not followed in the present 
study. 
EMISSION DATA 
Fllel consumption 
Figure 3 shows the geographical distribution of fuel consumption in the 
aforementioned industrial zones of the GTA. The consumption is given in 
tonnes per year and includes all types of fuel used in industry. The largest 
fuel consumption appears at the Western part of the Thessaloniki agglo-
meration, particularly at Diavata, Sindos and Kalohori. This agrees with 
the fact that the main industriar activities in the GTA take pi ace just in 
this region. 
The fuel consuption share into different industrial branches is given in 
Fig. 4. Apparently, large fuel quantities are consumed by the food and 
drink plants, followed by the fibres industry. 
Point sources 
As already mentioned, there are three major air pollution sources in the 
GTA: A refinery (A), a cement factory (B) and a large chemical plant (C). 
The location of these pollution sources is marked in Fig. 1. Their emission 
rates are presented in Fig. 5. A and C are characterized by high S02 
emissions (up to 11 kt y) and B from its NOx emission of 1.3 ktfy. 
kt/y 
802 
Pollutant CO (1/10) 
Industry 
Traflie 
Figure 2. Emissions of the major air pollutants from heating, traffic and 
industry in the GTA. 
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Figure 3. Fuel consumption in the industrial zones of Thessaloniki. 
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Figure 4. Share of the fuel consumption in the GTA. 
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Figure 5. Emissions of major air pollutants by the three largest industrial 
point sources in the GTA. 
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Figure 6. Emission factors used in the present study for the most common 
fuel types in the GTA. 
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Figure 7. Seasonal variation of the consumption of diesel oil and residual 
oil types in the GTA. 
20 
15 
kt/y 10 
5 
o 
S02 
co 
Area soureeS 
TSP Point sourees 
Pollutant 
VOC 
Figure 8. Emissions of major air pollutants by industrial point and area 
sources in the GTA. 
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Area sources 
In the ease of the industrial area sources in the GTA, emission rates are 
obtained by multiplying fuel eonsumption and suitable emission faetors for 
all industrial branehes and every type of fuel used. As the fuel eonsumption 
is eoneerned, information is required on its purpose (e.g. heating, produe-
tion) and its diurnal variation for eaeh eategory of industry. Emission fae-
tors, on the other hand, represent the average quantity of individual poIlu-
tants emitted from one specifie souree per unit mass of the fuel eonsumed. 
It should be noted that the emission faetors depend on both the eombus-
tion proeedure and the fuel type. 
The most eommon types of fuels used by the industry in the GTA are 
residual oil 3500, residual oil1500 and diesel. The code numbers 3500 and 
1500 are related to the sulphur content of these types of fue!. Figure 6 
shows the emission faetors used in this study for these fuel types. These 
values were initially proposed by the U.S. Environmental Proteetion Agen-
ey. Diesel has the lowest emission faetors for all pollutants exeept CO. Cor-
respondingly, the use of diesel instead of residual oil may result in substan-
tial reduetions of the emission rates from industrial aetivities. The poten-
tial for a rigorous substitution of residual oil by diesel is eonsiderable in 
view of the eurrent eonsumption rates ~diesel 11.1 kt/a, residual oil 1500 
40.2 kt/a and residual oil 3500 56.2 kt/a 
Interestingly, the eonsumption 0 iesel and residual oil 3500 under-
goes almost no ehanges during the year, while that of residual oil 1500 has 
its maximum in summer (more precisely, August and September, cf. Fig. 
7). This behaviour is due to the high eonsumption of residual oil 1500 by 
the food industry. 
DISCUSSION 
The resulting emission rates of industrial area sources are shown in Fig. 8 
eompared with those of the three major point sourees. Apparently, the lat- . 
ter eause a signifieant part of the overall industrial emissions in the GTA. 
Contrary to the emission data from the three major industriai plants, 
the emission rates from the remaining industrial aetivities represent rather 
erude estimates in view of the uneertainties of the raw data used for their 
ealeulation. The systematie eolleetion of more reliable raw data and, by 
their aid, the compilation of a eomplete emission inventory for the GTA 
are aims of our ongoing research work. 
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ABSTRACT 
Traffie load data were avallable from 150 measuring stations, distributed over 
the eity area and eoverlng both main and seeondary roads. The signifieanee of 
eaeh road was determined, based on these data. A road sampie for speed 
reeordings was seleeted, presenting an aeeumulative signifieanee of 80 %. 
Speed was reeorded on real time basis over a total distanee of 1500 km, 
travelled on the sam pie roads. Reeordlngs were evaluated, uslng the least 
squares method, and the driving patterns of the individual roads as weil as of 
the city as a whole were derived on one hour as weil as on 24 hours basis. At 
this stage of the study, only the influenee of the mean' speed of the drivlng 
patterns Is taken Into aeeount in determining the emission faetors of the 
gasoline powered passenger ears. 
INTRODUCTION 
Emission modelling of urban areas requires an as aeeurate as possible 
knowledge of all Input data. Among them traffie generated emissions are 
included, slnee traffie is one of the major eontributors in atmospherie pollution 
of urban areas. 
Traffie generated emissions are depended on the number of vehieles operating 
in the study area, on the emission faetors of the vehieles and on the mean 
travelled distanee in the unlt of time. 
Emission faetors are strongly depended on the way the vehieles operate, I.e. 
on the driving pattern of the area er of the Individual roads. In order to devl3lop 
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the required driving patterns, real time speed recordlngs and proper evaluation 
Is iequired. 
This paper presents the methodology used to derive the driving patterns of 
Thessalonlki area both as an average over the year and as a function of the 
hour of the day. 
ROAD SAMPLE FORMATION 
Traffic load data were available from 150 measuring stations, distributed all 
over the eity;, evidently on the more loaded roads, both main and secondary. 
These data were provided by the relevant state age\lcy and they were giving 
thl;l number of vehicles passing the measuring station per hour. There were !wo 
to four measurements from eaeh station per year. 
It was assumed that the traffic load, as measured at each station, remains 
constant over a eertain length of the road, the length depending on the number 
of the road erossings and the nature of the erosslng roads (one or !wo way 
roads, main or seeondary roads ete.) 
The quantities 'eirculation of the road' and "signifieanee of the road" were 
defined. Cireulation was defined as the total traffic load of the road over the day 
times the length of the road for which the load was assumed to, remain 
eonstanl. Signifleanee was defined as the eirculation of the road divided by the 
sum of eireulations öf all the roads for which traffie load data were available. 
Thls im piles the assumption that these roads handle the total traffie of the eity 
area. The assumption is justified, sinee traffic load data were eolleeted for 'he 
roads evidently most contributlng to the total traffic of the city. 
The most slgnificant roads of the area formed the road sampie for real time 
speed recording. Selection was based on the signlficance of each road. The 
cumulative significance of the sampie was 80 %. 
The length of the recordlngs on each road was also based on the significance 
of the road. This allows to consider all recordings as equivalenl. The total 
reeording length on each road was distributed over the day, distribution based 
on the traffie load per hour as a percentage of the total load of the road. 
63 roads or parts of roads formed the speed recording sampie, as a result of 
the above described road sampling procedure. They covered more or less the 
entire city area, with an Increased density In the city centre. This of course was 
expeeted, slnce the major part of the traffic is concentrated in this area. 
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SPEED RECORDING EQUIPMENT 
The mean gasoline passenger car operating in Thessalonikl area was proved 
to be equipped wlth a 1224 ce engine (Pattas, Kyriakis [1]). In order to avoid 
signilicant differences in acceleralions, imposed by slgnlficant differences in 
englne power, the vehicle chose lor speed recordings was the SEAT Credos 
1200 ce. 
The travelling speed was measured, using an electronic speed sensor. The 
analog signal Irom the sensor was converted to digital, using an appropriate 
A/D converter, and stored (in km/h) on the 3 1/2" Iloppy disk 01 the on-board 
the vehicle computer (IBM XT compatlble). Speed sampling Irequency was 2 
Hz, uslng the computer bulid-In clock lor timing. 
Figure 1 iIIustrates apart 01 a typical speed recording. 
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Figure 1: Part 01 a typical speed recording. 
RECORDING EVALUATION 
60 100 120 
Evaluation 01 the recordings is based on the 'motion module", which Is delined 
as the time history 01 the speed between two successive stops 01 the vehicle, 
the inilial Idling included. Each motion module Is linearised, using the least 
squares method. After linearisation the molion module can be described with 
live characterislic quantilies: (a) the total duralion 01 the module [s], (b) the idle 
duralion 01· the module [s], (c) the constant acceleration [m/s2], (d) the 
constant speed [km/h] and (e} the constant deceleralion [m/s2]. 
The linearisalion was decided in order to produce drlving patterns with the 
shape 01 the ECE 15, lor comparison reasons. 
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Flgure 2 : The modules of the reeordlng of Figure 1 after Iinearisation. 
Figure 2 iIIustrates the !wo modules reeognised in the reeording of Figure 1 as 
they are Iinearised. 
In order to take into aeeount the parts of the reeordlngs that started and/or 
ended with a speed different than zero, as the one of Figure 1, the reeordings 
were extrapolated as needed, until zero speed. 
TRAFFIC LOAD TIME DEPENDENCE 
From the avallable traffie load data, mean values were ealeulated, Figure 3. It 
ean be seen that during the hours 8 - 21 the mean traffie load of the city 
remains alm ost eonstant at a value of about 1200 vehieles per hour and lane. 
This time zone (Zone A) ean be eonsidered as the high traffie load zone of the 
city. 
During the hours 1 - 5 the traffie load varies from 200 to 500 vehieles per hour 
and lane, with a mean value of about 350 vehleles. It ean be assumed that this 
redueed load generally does not affeet traffie eonditions. This time zone ean be 
eonsidered as the low load zone (Zone B). 
The rest hours of the day form the transient zone (Zone C), with intermediate 
traffie load. 
Sinee traffie load ean be eonsldered as eonstant durlng time Zones A, Band C, 
it Is reasonable to assume that traffie eonditions, and eonsequently the driving 
patterns, remain relatively eonstant within eaeh Zone as weil. 
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Figure 3 : Time dependence 01 the traffic load In Thessaloniki urban area. 
DRIVING PATIERN DEVELOPMENT 
In order to derlve the mean driving pattern 01 the city as a whole aii over the 
year, the total 01 the linearlsed modules were sorted, according to the value 01 
the constant speed. They were then dlvided in three equaily populated groups 
and average values lor the live characteristic quantlties 01 the modules were 
calculated. The city driving pattern consists 01 the modules lormed by these 
average values. 
The resulting THESS 89 driving pattern is shown in Figure 4, together with the 
ECE 15. it can be seen that even though constant speeds are more or less the 
same In the two drivlng patterns, THESS 89 has less idling, less total duration 
and steeper accelerations and decelerations. This resuits in an increased mean 
speed, as can be seen In Table 1, where the two drivlng patterns are 
compared. 
Using the same procedure, but choosing only the linearised motion modules 
encountered on a specilic road, the mean drivlng pattern 01 the road can be 
obtained. Table 2 presents a comparlson between the two laster and the two 
slower roads 01 the sam pie. 
By selecting the modules identilied in the city during each 01 the time Zones A, 
Band C, It Is posslble, uslng the same algorithm, to develop the city driving 
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pattern for each Zone. Table 3 presents the basic characteristics of the three 
driving patterns, compared to those of the THESS 89. 
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Figure 4: The THESS 89 and the ECE 15 driving patterns. 
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Table 1 : Comparison between THESS 89 and ECE 15 driving patterns. 
Table 2: Main characteristlcs of the two faster and two slower roads of 
Thessalonlkl area 
It is eie ar that !raffic load significantly affects the mean speed of the pattern as 
weil as the idle participation. But the factor of 6 observed between maximum 
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and minimum traffie load is not repeated on the mean pattern speed or on the 
idle partlelpation. Stili, mean pattern speed is inereased, while idle partieipatlon 
is redueed du ring the low traffie load Zone C as eompared to those of the Zone 
A (high traffie load zone). This was expeeted sinee traffie load is not the only 
parameter affeeting mean speed and idling. Traffie IIghts are still in operation 
even at night, imposing a number of stops and Idling. Further more, even 
though the streets are relatively empty, maximum speeds aehieved do not 
exeeed eertain limits, imposed by the nature of the roads (urban area wlth 
frequent road erossings). 
Table 3: Charaeteristies of the driving patterns in different time Zones in 
Thessaloniki. 
Units THESS 89 ZONEA ZONEB ZONEC 
Pattern distanee m 1209.0 1099.0 2200.0 1558.0 
Pattern duration s 177.0 170 .. 0 222.0 200.0 
25.3 16.1 21.0 
13.3 16.8 14.6 
Idle participat.ion .•..... .. '. % 24.1 
Aeeeierationparticipatioll % 13.7 
Deeelarali()n partieipation % 11.6 11.7 11.2 11.3 
49.8 55.9 ; Const.speed partieipation % 50.7 MEÄNtftÄ'tIEIlNseEl'pi'j' ~~~~~~~~~~~~~~
By seleeting the motion modules Identified on eaeh of the sampie roadsin 
eaeh of the time Zones, and using again the same algorithm, it is possible to 
obtain the drlvlng patterns of eaeh road and time Zone. Figure 5 presents the 
ratio of the mean speeds of Zones A and Band A and C for so me of the roads 
of the sam pie (the total number of roads was 28 but some of them are missing 
from Figure 5 beeause the available recordings were not suffieient to develop a 
rellable driving pattern, due to the redueed significanee of the road). It ean be 
seen that for the Zones A and B thls ratio has a maximum value of 2.5, 
meanlng that du ring the high traffie period the mean speed of the road is 
redueed by a factor of 2.5 as eompared to that of the low traffie load period. 
The same ratio for Zones A and C is generally lower, due to the comparatively 
increased traffic load durlng the translent Zone C. 
In Figure 5 Is observed that some roads present similar BI A and CI A ratlos. 
This is attributed to the fact that these are roads of areas highly populated with 
night clubs ete., with a different timing from the rest of the city. 
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THE TIME INFlUENCE ON THE MEAN SPEED OF THE DRIVING 
PATTERN 
2.5 r-'--"-'-"'l-'-'-' .,.-'- --'-'-'--"-'--"-'--"'--'-"--'-''--'--'l--'--'--'-''T! ---,---.-. 
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Figure 5 : The time inlluence on the mean speed 01 the drlvlng pattern lor 
several roads 01 Thessaloniki area. 
MEAN SPEED INFLUENCE ON EMISSION FACTORS 
As It was proved (Eggleston et al. [2]), me an speed significantly affects the hot 
start emission lactors 01 CO, VOC and NOx 01 the gasoline powered 
passenger cars. Figure 6 presents thls influence, as the ratio 01 the emission 
lactor at a certaln mean speed over the emission lactor according to the ECE 
15 driving pattern (mean speed = 18.7 kmjh). 
EMISSION FACTOR RATIO 
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Figure 6 : Hot start emission lactor ratio (EFvjEFECE) lor gasoline powered 
cars as a lunetion 01 the mean speed 01 the driving pattern. 
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It is obvious that the mean speed strongly affects the hot start emission factors, 
especially in the case of CO and VOC. 
The eombination of this emission factor inerease (decrease) with the inereased 
(deereased) number of vehlcles operating on the road during the high (Iow) 
traffle load zone makes essential fer emission modelling of CO and VOC to 
take into aeeount the time of the day. Time is also essential in the ease of NOx 
emissions, although the pleture, as far as emission factors are eoneerned, is 
inverted. 
CONCLUSIONS 
1. The THESS 89 driving pattern for Thessalonlkl area was developed. It 
proved to be faster than the ECE 15, with same maximum speed but 
redueed idle participation. 
2. In the area of Thessaloniki three time zones, with relatively eonstant 
mean traffic load, ean be identilied. 
3. The maximum !raffie load is observed at about 15.00 and the minimum at 
about 5.00. They are 1200 and 150 vehleles per hour per lane 
respeelively. 
4. The strong mean traffle load variation influenees the eorresponding mean 
speed of the city. Ouring the high traffie load period, the mean speed 01 
the city resulted to be 23.2 km/h, inereasing to 35.7 km/h du ring the low 
traffie period. 
5. The same inlluenee 01 traffle load is observed on the individual roads, 
with a ratio 01 mean speeds up to 2.5, between low and high traffie load 
periods. 
6. Sinee emission faetors 01 gasoline passenger ears are strongly affeeted 
by the mean speed, and total emissions depend and on the number of 
vehieles operating on the roads, preelse knowledge 01 traffle eonditions 
as a lunetion of time is essential for emission modeling. 
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Road Traffie Emissions in Thessaloniki 
Z. Samaras 
Dept. oi Mechanical Engineering, Aristotle University, GR-54006 Thessaloniki 
INTRODUCIlON 
It is sinee long recognised that road traffle eonstitutes the major· air 
pollution souree in urban areas, eontributing substantially to the emissions of 
the precursors of photoehemical oxidants VOC and NOx. TIlls is partieularly 
true for Athens (YPEHODE 1989), case for whieh a number of studies were 
conducted in the recent past. 
Aint of this paper is to provide an estimation of road traffle emissions in 
Thessaloniki. It summarizes the experienee gained so far within a project 
sponsored by the organization of Thessaloniki (Pattas and Kyriakis 1991), 
eombining it with developments on intemationalleveI. 
TIIE CHARACfER OF TIIE PASSENGER CAR FLEET 
Among the EC eountries Greece is the one with the lowest passenger car 
density. In 1985 Greece had a vehicle density of 127 vehicles per 1000 
inhabitants, weil below the Communities average of 303 veh./1000 inhabitants. 
The analysis of future trends (Samaras and Zieroek 1991) shows that the 
number of passenger cars in Greece is expected to substantially inerease in the 
eoming decade. The forecast prediets a nearly doubling of the passenger car 
fleet between the years 1985 and 2000. However, even then the expected vehicle 
density (210 cars per 1000 inhabitants) will still be the lowest in the EC 
eountries (estirnated EC average for the year 2000: 386 cars /1000 inhabitants). 
TIlls need for motorisation of the eountry is reflected to the expected inerease 
rate, whieh is estirnated to be of the order of 64% between the years 1985 and 
2000, and whieh is almost double of the EC average. 
As specifie socio-economie eonditions irnpose the general eharaeter of the 
car market and car use in one eountry, it has to be stated aIready in the 
beginning that in Greece the private use passenger car was eonsidered by the 
Greek authorities during the last 15 years as an irnportant souree of ineome. 
This was realized through a heavy taxation policy on the car upon its purehase 
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(Special Consumption Tax). Moreover, it is also of importance to note that 
diesel as well as LPG powered engines are not allowed for use in private cars in 
Greece, their use being strictly limited on taxis. 
The intense taxation of the cars led to the establishment of a characteristic 
of major importance: the "longevity" of the average car. This is c1early 
illustrated in Figure 1, which presents the age distribution of the passenger car 
fleet of Thessaloniki in 1988. The mean age of the fleet was about 10 years, i.e. 
by far greater than the EC average of 6 years, with 10% of the fleet exceeding 18 
years. 
)18 13 w 18 10 w 12 6-0 1-4 
AGE h'6sre) 
Figure 1: Age Distribution of 
Passenger Car Fleet in 
Tbessaloniki (1988) 
CYLINDER CAPACITY DISTRIBUTION 
PASSENGER CARS 
ce cU 
... 
Figure 2: Cylinder Capacity 
Distribution of Passenger Car 
Fleet in Tbessaloniki (1988) 
As Special Consumption Tax on cars is calculated based on engine's swept 
volume, the tendency of the importers was to offer to the market cars with the 
lowest possible capacity. This resulted in a very low average cylinder capacity of 
the order of 1200 cm3, as Figure 2 displays. It is worth noting that almost 85% 
of the passenger cars are equlpped with an engine of lower than 1.41 capacity, 
while only 1 % is above 21. 
Here, a particular characteristic of the Greek car market behaviour has to 
be emphasized: a portion of the first registrations consists of second-hand cars, 
imported from other EC countries, and mainIy from the Federal Republic of 
Germany. The contribution of these used cars was significant during the past 
decade: it even exceeded 30% of the total of firstly registered cars in the years 
1986/87. The reason for the above market tendency is obvious: these used cars 
have lower prices than the new ones, being therefore attractive for a rather 
large portion of the potential buyers. 
As private use passenger cars were heavily taxed, the light-duty gasoline 
powered truck became an alternative for those who were in the legal position to 
own such a vehic1e, because of the lower prices (lower taxes) of this vehic1e 
category. Therefore the market of light-duty trucks became important in Greece 
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especially during the 80s. In general, all characteristics of the Iight-duty truck 
fleet are more or less identicaI to passenger cars. 
With 1990 as reference year, Table I summarizes the vehicle fleet of 
Thessaloniki and presents an estimation of the total in-city annual mileage per 
vehicle category. This estimation is based on the balance of actual (statisticaI) 
fuel consumption in Thessaloniki (gasoline and Diesel separately) with the 
calcuIated one using experimentally determined fuel consumption factors, 
according to COPERT methodology (Samaras and Zierock 1989). 
Based on these figures 
it is of interest to note the 
rather increased number of 
annual urban mileage driven 
by the passenger cars in the 
Greater Area of 
Thessaloniki: 6 900 km out of 
13 000 km annually driven on 
average by each passenger 
car on all road c1asses 
(Samaras et a1. 1991). As far 
as the diesel heavy duty 
trucks are concemed, fuel 
consumption balance 
pro duces the rather 
increased annual mileage of 
15 000 km and 7 500 for 
trucks below and above 16t 
respectively. 
CALCULATION SCHEME 
Table I: Composition ofVehicle Fleet and 
Annual in - city Mileage in Thessaloniki 
(1990) 
Veblcle Categoty Vehicte Veblelekm 
Nurnbers [106] 
VEillCLES < 2.5t 
Private Uso (Gasoline) 2QZ3% 1400 
Taxis (Diesel & LPG) 1850 185 
Light Duty Vebleles 43124 300 
TRUCKS 
< 16t 7100 110 
> 16t 3300 25 
BUSES 
UrbanBuses 490 35 
Coaches 1160 15 
TWO WHEELERS 
< 50cm3 19000 115 
> 50 cm3 12000 70 
The caIculation of road trafflc emissions in the Greater Area of 
Thessaloniki was conducted using the computer programme COPERT 
(Samaras and Zierock 1989). This programme was developed by the Lab of 
Applied Thermodynamics (LAT) of the University of Thessaloniki in 
collaboration with the German firm EnviCon on behalf of the Commission of 
European Communities (DG XI). It incorporates an appropriate methodology 
developed within the CORINAIR project (Eggleston et a1. 1989), which makes 
use of a large amount of experimental .data collected from aImost all EC 
member states. In short, the programme enables the caIculation of hot and cold-
start emissions separately, with a split into urban, rural and highway driving 
conditions. h incorporates a detailed split of vehicle categories, according to 
their production period (specified in the case of passenger cars in the different 
ECE periods, i.e. according to the evolution of emission standards) and to their 
cylinder capacity. As an option, the programme offers the possibility to use 
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either the emission factors proposed by CORINAlR (and incorporated in the 
programme) or to introduce own (national) ones or to make a combination. 
For this specific application, national emissions factors have been used, 
experimentally measured by LAT (Pattas et al. 1983, 1985, 1991). Figure 3 
presents an example, referring to CO emission factors of passenger cars. 
l00,oor----------~---------._----------c----------~c--------------, 
ml <1.4 
60,00 
01.4-2.0 
40,00 
I!!il > 2.0 
20,00 
0,00 
PREECE ECE 15-00 ECE 15-02 ECE 15-03 ECE 15·04 
Figure 3: CO emission factors expressed in g/km of Passenger Cars (LAT 
measured data) used for COPERT calculations 
RESULTS 
Based on the results of the calculations, Figures 4 to 7 illustrate the 
contribution of the different vehicle categories to total traffk produced 
emissions, with regard to each pollutant separately. Thus the light gasoline 
vehicles (both passenger cars and light duty trucks) are the major CO emitter, 
contributing with 94% to total traffk CO emissions. The same holds true for 
VOC emissions (82% contribution of these vehicles), but here the contribution 
of two·wheeled vehicles becomes also of importance: 13% of VOC emissions is 
attributed to this category, mainly because of the two stroke engines. 
VEHIOLE8 • 2,6t 
... 
GO EMISSIONS 
ROAD TRAFFIC 
OTHER 
•• 
Figure 4: CO road trafflc emissions 
in Thessaloniki (1990) 
VEHIOLE8 • 2,6t 
.,. 
VOC EMISSIONS 
ROAD TRAFFIC 
Figure 5: VOC road trafflc 
emissions in Thessaloniki (1990) 
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As far as NOx emissions are concerned, passenger cars contribute with 
more than 70% to the total, while trucks and buses share the remaining 30% 
(with 19% and 10% respectively). Finally, Total Particulate Matter (TPM) 
emissions are produced by trucks (54%), buses (31%) and the diesel powered 
taxis (15%). Nevertheless, as trucks are generally prohibited in the centre of the 
city, taxis and buses are recognised as the major smoke emitter in the central 
areas. 
Nox EMISSIONS 
ROAD TRAFFIC 
TRUCKS 
19> 
BUSSES 
.. < 
Figure 6: NOx road trafflc 
emissions in Thessaloniki (1990) 
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Figure 7: TPM road trafflc 
emissions in Thessaloniki (1990) 
Moreover, it is worth presenting the split of road trafflc emissions into 
their hot, cold start and evaporative (ouly in the case of VOC) portions. 1t is of 
interest to note that about 25% of the total CO emissions is produced under 
cold-start driving conditions, whiIe 27% of the total VOC emissions are 
evaporative losses, due to the favourable climatologicaI conditions of. 
Thessaloniki. 
COLD 
Figure 8: Hot and cold-start co 
trafflc emissions in Thessaloniki 
(1990) 
EVAPORATIVE 
COLD 
10,59% 
HOT 
62,39% 
Figure 9: Hot, cold-start and 
evaporative VOC trafflc emissions 
in Thessaloniki (1990) 
The contribution of traffle to total atmospherie pollutant emissions is 
illustrated in Table TI and in Figure 10 (source for other but traffle sources: 
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Organisation of Thessaloniki 1991). It is clearly seen that in the Grater Area of 
Thessaloniki traffle is the sole responsible of CO emissions, while its 
eontribution to VOC emissions exceeds 95%. Nevertheless, the latter share is 
highly questionable, as no estimation of solvent emissions is included in these 
figures. Based on the international experience, it is expected that traffle 
eontribution to total VOC emissions should exceed 60%, if all other VOC 
emission sources are properly taken into account. 
With regard to NOx 
emissions, traffle is also 
found to eontribute with 
more than 50%, with the 
industry in the second 
place (30%). Finally, 
Partieulate emissions are 
mainly produced by the 
industrial aetivities, whieh 
eontribute with alrnost 
60% to the total; traffle 
and central heating equally 
share the rest. 
Table ll: Total Emissions in the Atmosphere of 
Greater Area of Thessaloniki - Reference Year 
1990 
Pollutant (kt] Traffic Industry Heating 
CO 76736 124.1 1285.5 
VOC 11328 32.9 669.4 
NOx 4628 2614.6 988.5 
TPM 881 23833 761.1 
REDuenON PERSPECTIVES 
In November 1990 a eomplete set of measures aimed at the drastie 
reduetion of air pollution in Athens was proposed for publie diseussion by the 
Greek Ministry for the Environment, Physical Planning and Publie Works 
(YFEHODE 1990). Core of the proposal formed measures referring to the 
drastie reduetion of traffle produced air pollution. The proposal ineorporates: 
100% 
80% 
60% 
40% 
20% 
0% 
Co VOC NOx TPM 
Il!!l HEA TING 
lIlID INDUSTRY 
Il!!l TRAFFIC 
Figure 10: Contribution of different sources to total emissions in Theassaloniki 
(1990) 
Monitoring and Modelling in the Mesoscale 191 
Table ill: Emission Standards for Clean Cars. 
Pollutant BC Standards Greek mcentives (Law 1882/90)2 
from 1.1.19931 CC3>21 1.41<CC<21 
CO: 2.72 25(6.17) 30 (7.4) 
VOC: 
-
6.5(1.6) 
-
NOx: 
-
3.5(0.86) 
-
VOC+NOx: 0.97 
-
8(1.97) 
Particulates 0.14 
- -
Evaporative Losses: 2.0 g/test 
- -
1m g/krn. Type approval accordlng to the new modlfied driving cyele. 
2m g/test (in parentheses in g/krn). Type approvalaccording to the urban cyele. 
3 CC: Cylinder Capacity 
IR Subsidies for new clean passenger cars 
IR Subsidies for retrofitting in-use cars 
IR Traffie restrietions for polluting vehicles 
.. Establishment of the Exhaust Gas Control Card (EGCC) 
CC<1.41 
19(4.69) 
-
-
5(1.23) 
-
-
From the above, the first is of major importance and has already been 
implemented. Its outline is given below. 
11 Subsidies for new clean passenger cars - Le. gasoline powered vehicles 
equipped with closed-loop three-way catalysts and carbon canisters. To tbis aim 
a 50 - 60% reduetion of the Special Consumption Tax is granted in case of a 
simultaneous scrapping of an old car, with an additional 5 year exeeption from 
the annual road tax. As clean are eonsidered those cars complying with the 
emission standards presented in Table ill. This subsidy adds to the one already 
enaeted in April 1990, which foresaw a reduetion of the Special Consumption 
Tax for the clean cars eompared to the conventional ones. Thus, a new clean car 
has on average a 50% lower price than the equivalent eonventional. Due to EC 
legislation, the above subsidies (granted since November 1990) will be in force 
untiI31.12.1992 and they do not apply on vehicles of more than 2.01. 
A major change in the car market is already identified in 1990: the clean 
cars eonstitute 100% of the first registrations of new cars, while a tendency 
towards higher cylinder capacity vehicles is observed (upgrading the average to 
1400 em3). 
Figure 11 presents an estimation of the expected reduetion of traffie 
produced CO, VOC and NOx emissions, as funetion of the absolute number of 
serapped cars. For these calculations, the emission factors for catalyst equipped 
cars have been used as presented by Samaras and Zierock (1991), while it was 
assumed that only older vehicles (Le. vehicles older than 12 years) are scrapped 
and replaced by new catalyst equipped ones. Thus, it is estimated that the 
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"serapping" potential of the car fleet in Thessaloniki is in the range of 50000 
vehicles, this means approximately 25% of the actual fleet. 
According to these Figures, traffle CO emissions may immediately be 
reduced by 30%, VOC by 25% and NOx by 14% if a total of 50000 passenger 
cars is withdrawn and replaced by new ones equipped with three way catalysts 
and evaporative control systems. 
R 35 ·····-~·~'-------C---T-·--··I-~-··-I 
E 3O-"-~-C-OJMiSSiONS--------'I"'-'-""-"--'-I""'--" ' 
~ :~ _._-=- I ~--- --==:"'-=~:~~~=~=:=~=I C% ' I 
r ~~ :==~::-:.~I__ ~.~J _~--_""-_i:- __ :=~=1 
N O~~--~------~------~------~----~ 
o 10000 20000 30000 40000 50000 
NUMBER OF WITHDRAWN VEHICLES 
R 25 1"-----; 
E VOC EMISSIONS 
D 20 --I 
U % 151"-----+----
C 
T 10 t----t__ 
I 
o 5 
N o~~--~-------+------~------+_----~ 
o 10000 20000 30000 40000 50000 
NUMBER OF WITHDRAWN VEHICLES 
R 14 
E 12 
D 10 
U 
C% 
8 
T 6 
I 4 
0 2 t-~-..;;.....t..,.-...~--+--·_·_-- ~~ .. _.-_._-~ .. _.~ 
N 0 
0 10000 20000 30000 40000 50000 
NUMBER OF WITHDRAWN VEHICLES 
Figure 11: Estimated reduetion of traffle emissions in Thessaloniki due to 
scrapping incentives 
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CONCLUSIONS 
Based on the analysis presented so far, it is eoncluded that road traffie 
eonstitutes the major air pollution source in the Greater Area of Thessaloniki, 
as far as CO, VOC and NOx emissions are eoncerned. The recently enaeted 
IegisIation, granting subsidies for the scrapping of oIder cars (with simultaneous 
repIacement with new clean ones) will significantly Iower the emission of 
pollutants from passenger cars. 
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ABSTRACT 
The nonhydrostatic prognostic mesoscale model MEMO and the Lagran-
gian model LAPMOD are used to simulate the wind flow and dispersion 
characteristics in the Greater Thessaloniki Area. The results reveal that 
the transport of air pollutants is largely influenced by the typical diurnal 
variation of the sea breeze circulation in Thessaloniki. 
INTRODUCTION 
For a complete understanding of atmospheric transport phenomena it is es-
sential to combine monitoring activities and the application of appropriate 
models for simulations of pollutant dispersion under the influence of local 
scale wind flow patterns. The complementarity of monitoring and model-
ling is underlined by the fact that measured data are necessary to verify' 
models, while models are required to interpret observations. 
In the remainder of this paper we first briefly outline the structure of 
mesoscale models for simulations of wind flow and pollutant dispersion. 
Subsequently we present and discuss simulation results for the Greater 
Thessaloniki Area (GTA) originating from a first application of such 
models for this area. 
MESOSCALE MODELS 
Wind Flow 
If pollutant transport is to be studied in the case of complex terrain, the 
spatial and temporal variations of the wind field have to be known. In prin-
ciple, wind fields can be obtained either diagnostically or prognostically. 
As the starting point of diagnostic wind models, available wind measu-
rements are interpolated to get a first estimate for the actual wind field. In 
a subsequent step, this wind field is adjusted to satisfy mass conservation 
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and to comply with the topography. There are several categories of diagno-
stic wind models, the most important category being that of models adopt-
ing the variational calculus method for the adjustment of the wind fjeld. A 
representative for this category is the model of Moussiopoulos et a1. 1 which 
uses advanced a1gorithms and accounts for atmospheric stability in the ad-
justment step. Although only few wind data were available for the GTA 
before the 1991 Field Measurement Campaign was held, the calculation of 
wind fjelds with the aforementioned model was attempted. The results of 
these calculations reveal some of the characteristics of the sea and land 
breezes in the GTA (Kestenare2). Being reasonable representations for the 
actual wind fjelds, diagnostic wind model results may be used for subse-
quent dispersion calculations. 
Contrary to diagnostic models, prognostic models attempt a forecast of 
the wind pattern by simulating the dynamics of the planetary boundary 
layer. These so-called mesosca1e meteorological models can be distinguished 
with respect to the parameterizations used and the assumptions made. One 
model of this category is the nonhydrostatic model MEM03 4. Taking into 
account the latest developments in this area, this fully vectorized model 
uses the anelastic approximation to filter sound waves. Second-Drder dis-
cretization is applied on a staggered grid ensuring the conservation of a11 
fluxes. In particular, advective terms are treated with an explicit, monoto-
nicity-preserving discretization scheme with only small implicit diffusion. 
The discrete pressure equation is solved with a direct elliptic sol ver in con-
junction with a generalized conjugate gradient method 5. Turbulent diffu-
sion is described in terms of the turbulent kinetic energy. At lateral boun-
daries &eneralized radiation conditions are implemented. The radiative 
heatingjcooling rate in the atmosphere is calculated with an efficient 
scheme based on the emissivity method' for longwave radiation and an imp-
licit multilayer method for shortwave radiation6• 
Simulation results for the mesoscale circulations in the Greater Athens 
Area with the model MEMO a1lowed to identify a11 major features of the 
tidal air movements over Athens includjng onset, duration, vertical exten-
sion and intensity of the sea and land breezes in good agreement with avai-
lable observations3 4. Preliminary results of the model MEMO for the local 
flow characteristics in the GTA are presented in the next section. 
Pollutant dispersion 
A variety of model concepts is available for studies of atmospheric disper-
sion of air pollutants. Simpler models requiring a low computational 
demand (e.g. Gaussian models, box models) may easily be run on PC's. 
Unfortunately, such models do not qualify for dispersion and chemical 
transformation simulations in complex terrain, as for instance in the case 
of the GTA. For this application more sophisticated models have to be 
used, which take into account the inhomogeneity of both the topography 
and the wind flow as weil as spatial and temporal variations of the emis-
sion rates. Models of the latter category can be applied efficiently only on 
powerful computers (large work stations or mainframes). 
Eulerian models describing atmospheric dispersion usually cause consi-
derable computational expenses and are not free of numerical diffusion. 
Nevertheless, they are very frequently preferred rat her than Lagrangian 
models (see below), as they may provide full three~imensional concentra-
tion fjelds and they can be readily extended to describe the coupled disper-
sion and chemical transformation of air pollutants3. 
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Lagrangian models are very well suited to describe the dispersion of 
individual plumes. By superposition of statistically fluctuating components 
to the mean wind field the individual motion of a large number of particles 
(or clusters of particles) is traced. This method has many obvious advanta-
ges: Firstly, it is free 01 numerical diffusion. Secondly, it allows to take into 
account gravitational effects on the particle motion. Thirdly, it is possible 
to identify the origin and the residence time of particles in the atmosphere 
and thus to describe the relationship between emission and immission in 
detall. Finally, precision (and, correspondingly, computational demand) 
may be controlled very efficiently by means of the number of the consider-
ed particles. The Lagrangian model LAPMOD has been successfully used 
to simulate the dispersion of inert pollutants in Athens B 9. In the following 
section we describe the application of the same model for a preliminary 
description of the carbon monoxide dispersion in the GTA. 
MODEL RESULTS 
Wind field 
For a realistic prediction of the local circulation system in the Greater 
Thessaloniki Area, the wind field was simulated for most of Central Mace-
donia. Fig. 1 shows the location of the 65x120 km2 computational domain. 
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Figure 1. Location of the 65x120 km2 computational domain. 
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Figure 2. Diurnal variation of the wind velocity and the CO concentration 
at ground level in Central Macedonia calculated with the nonhydrostatic 
mesoscale model MEMO and the Lagrangian dispersion model LAPMOD. 
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It should be noted that a considerable part of the domain is eovered by 
water mass of the Thermaie Gulf. For the ealeulation of the wind field a 
numerieal grid of 26x48 grid points in the horizontal direetion was used 
leading to a eonstant grid spacing of 2.5 km. In the vertieal direetion the 
grid consisted of 25 levels and was non-equidistant with a minimum spac-
ing of 20 m. The upper boundary was set to a height of 6000 m above sea 
level. The simulation was performed for a weak synoptic wind from NNW. 
Fig. 2 shows the computed diurnal variation of the wind field in the 
lowermost grid cell of the computational domain (approximately 10 m 
above ground level). 
At night the temperature over land is lower than over the sea. This 
induces an off-shore flow near the ground, the land breeze, which appears 
to be enhanced in slopy terrain: Air over land cools off more rapidly than 
air at the same height in the atmosphere; the differential heating results in 
downslope mountain winds. 
During daytime the situation changes. As the temperature over land 
gradually exceeds that over water, sea breeze cells develop. In the morning 
the corresponding pattern is rat her complex, as the direction of the on-
shore air flow is more or less perpendicular to the coast. In addition, valley 
winds occur: Air adjacent to mountain slopes is warmer than air at the 
same height in the atmosphere; this causes apressure gradient force toward 
the mountain slope near the ground. 
Supported by the aforementioned upslope valley winds, in the after-
noon an extended sea breeze develops, which leads to a large seale air 
motion to the North. Interestingly, the transition to this extended sea 
breeze implies a veering of the surface wind in the urban area of Thessa-
loniki from W-SW to S. 
After 18.00 LST the surfaee temperatures over land have already ex-
eeeded their maximum valuesj eonsequently, the intensity of the sea breeze 
decreases. It should be noted, that in the afternoon the wind direction over 
the Thermaic Gulf rotates slightly anti .. doekwise. Besides, the strong 
vertieal mixing during daytime eauses that the indueed circulation is much 
stronger than the inverse nighttime effeet which is associated with stable 
eonditions within the whole domain and a low vertieal mixing. 
Pollutant dispersion 
The model LAPMOD was applied to simulate transport and dispersion of 
CO under sea breeze eonditions in the GTA. The CO emissions were 
assumed to be caused solely by urban road traffle. The eomputational 
domain corresponds with that of the wind flow simulation (Fig. 1). 
Fig. 2 shows the eomputed diurnal variation of the ground level CO 
eoncentration in Central Macedonia. In this figure particles are eonsidered 
whieh reside up to a height of 100 m AGL. 
At night air mass moves gradually to the South leading to an aceumu-
lation of air pollutants primarily over the Bay of Thessaloniki and the area 
of Mihaniona. After sunrise a large fraction of this polluted air mass is 
adveeted baek to the urban area of Thessaloniki, where it joins pollutants 
emitted during peak hour trafflc. In view of the rather low vertical mixing 
in the early morning, this mechanism leads to peak values of the CO eon-
eentration. 
The gradual increase of vertieal mixing around noon and the transition 
to the extended sea breeze result in an efficient dilution of CO in the GTA 
in the afternoon. After sunset transport phenomena weakenj eonsequently, 
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the downtown CO concentrations increase again. It should be noted that 
according to the model results in the evening pollutant transport occurs 
from the urban area of Thessaloniki to the area over the Lake Koronia and 
the town of Langadas. 
SUMMARY AND CONCLUSIONS 
The presented preliminary results of mesoscale model simulations for the 
GTA allow to identify some of the characteristics of wind flow and disper-
sion in this area: 
• A weak land breeze during the night, resulting in an accumulation of air 
pollutants over the Bay of Thessaloniki and the area of Mihaniona. 
• The setup of a rather complex sea breeze pattern in the early morning, 
leading to the re-advection of a large fraction of the above pollutants 
back to the ur ban area. 
• A transition to an extended sea breeze in the afternoon, which is char-
acterized by a large scale motion of air mass to the N orth. In conjunction 
with an intense vertical mixing, the extended sea breeze leads to an effi-
eient decrease of air pollutant concentrations in the afternoon. 
• After sunset transport phenomena weaken and pollutant concentrations 
increase. In the evening pollutant transport seems to take place from the 
GTA to the area over the Lake Koronia. 
Most of the above features are confirmed by available previous observa-
tions. In the next future the simulation results will be compared in detail 
with the results of the Thessaloniki '91 Field Measurement Campaign. 
REFERENCES 
1 Moussiopoulos, N., Flassak, Th. and Knittel, G. A Refined Diagnostic 
Wind Model, Environ. Software 3, pp. 85-94, 1988. 
2 Kestenare, E., Analyse du champ de vent sur la region de Thessalonique, 
ENSTA projet 202, 1990. 
3 Moussiopoulos, N., Mathematische Modellierung mesoskaliger A11Bbrei-
tung in der Atmosphaere, Fortschr.-Ber. VDI, Reihe 15, Nr. 74, 316 pp., 
1989. 
4 Flassak, Th., Ein nicht-hydrostatisches mesoskaliges Modell zur Be-
schreibung der Dynamik der planet aren Grenzschicht, Fortschr.-Ber. 
VDI, Reihe 15, Nr. 64, 204 pp., 1990. 
5 Concus, P., Golub, G.R. and O'Leary, D.P., A generalized conjugate 
gradient method for the numerical solution of elliptic partial differential 
equations, in Sparse Matrix Computations (J.R. Bunch und D.J. Rose, 
eds), pp. 309-332, 1976. 
6 Moussiopoulos, N. An Efficient Scheme to Calculate Radiative Transfer 
in Mesoscale Models, Environ. Software 2, pp. 172-191, 1987. 
7 Flassak, Th., Winkler, Ch. and Moussiopoulos, N., Simulation of the 
dispersion of Carbonmonoxide (CO) in Athens, Greece with a 
Lagrangian dispersion model, in Development and Application of 
Computer Techniques to Environmental Studies (P. Zannetti, ed.), 
Elsevier, Amsterdam, pp. 69-80, 1990. 
8 Winkler, Ch., Flassak, Tli. and San Jose, R., Dispersion simulations of 
NO x in Athens, Greece, using a Lagrangian Dispersion model, in Air 
Pollution Modelling (R. van Dop and G. Kallos, eds), Plenum Publishing 
Corporation, New York, in press, 1992. 
202 
Multibox Model Simulations ofPhotochemical Smog 
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ABSTRACT 
!' mul~ibox I!l~d.el is used to investigate the influence of emissions from 
mdustnal actlVlhes and from traffic on the photochemical oxidant levels in 
~he G,!A. The simulation results are very sensitive to several parameters 
mcludmg the assumed diurnal variation of the mixing height. 
INTRODUCTION 
Air pollution does not know any boundaries, neither those of a city nor 
those of the region where they originate from. Carried by the wind, air pol-
lutants may be transported hundreds or even thousands of mHes down-
stream before they are deposited. Chemieally active air pollutants will at 
the same time take part in numerous chemical reactions of which some re-
quire intense solar radiation. Smog formation corresponds to one of the 
most severe forms of environment al deterioration. In partieular, photo-
chemical smog is known to be hazardous for man, his !iving environment 
and materials!. Depending on the emission strength of its precursors, the 
intensity of photochemical smog, Le. the magnitude of photochemical oxid-
ant levels, is usually quantified in terms of the ozone concentration. 
In this paper we apply our multi box model to simulate ozone forma-
tion caused by industrial and trafflc emissions in the GTA. After discus-
sing the underlying photochemieal re action system we describe the test 
case selected. Subsequently, we briefly present the model app!ied in this 
study and comment on· the !imitations of our approach. Based on sampie 
results we discuss the influence of several parameters on ozone formation. 
REACTION SYSTEM 
The photochemical reaction system contains reactions leading to the for-
mation of photochemieal oxidants 2• The anorganie part of this system is re-
latively weil understood. In daytime the most important anorganic reac-
tions are the photolysis of N0 2, leading to the formation of ozone, and the 
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oxidation of NO to N0 2 by ozone. Obviously, these two reactions result in 
no net gain in ozone. Elevated ozone concentrations usually observed dur-
ing photochemical smog episodes are caused by reaction paths where NO is 
converted to N0 2 without ozone being used up. The decisive role in such 
reaction paths play organic radicals which are formed in the course of the 
degradation of hydrocarbons. Typically, these reaction paths are initiated 
by reactions of hydrocarbons with ozone or with the OH radical. Even to-
day, the organic part of the photochemical reaction system is rather poody 
understood since there are several hundreds of reactants and even thou-
sands of reactions occuring in apolluted airshed. 
To allow for a mathematical description of these reactions, several re-
action mechanisms were developed, differing in the way they simplify the 
organic part of the photochemical reaction system 3. An important criterion 
for the selection of a chemical reaction mechanism is the availability of 
necessary input data, Le. the proper subdivision of the hydrocarbon emis-
sions. In the absence of a detailed emission inventory, a less sophisticated 
reaction mechanism will compare favourably to much more refined ones be-
cause of the considerably higher computational demand of the latter at 
comparable accuracies. The simulations presented below are based on the 
condensed ERT reaction mechanism4• 
Figure 1. Layout of the domain. The residential area is stippled, the dots 
correspond to the major industrial point sources in the GTA. 
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Figure 2. Emission rates in individual boxes of the domain. 
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MODEL DESCRlPTION 
Transport and photochemical transformations of pollutants were simulated 
with an one-dimensional multi box model inc1uding a selfadaptive implicit 
solution algorithm 5. The model is described in detail elsewhere5 6. It should 
be noted that the boxes are assumed to have a variable height following a 
specified diurnal variation of the mixing layer. 
Apparently, in a multi box model the pollutant concentrations are as-
sumed to be constant within a box. The neglect of the vertical concentra-
tion variation is without any doubt the major shortcoming of multi box mo-
dels. This shortcoming is, however, counterbalanced by the inherent simp-
licity and the broad applicability of these models. 
TEST CASE DESCRIPTION 
The below described simulations were carried out to describe qualitatively 
the interaction of industrial and urban emissions in the GTA with regard 
to the resulting photochemical oxidant levels. More precisely, the simula-
tions aimed at a first estimate of how various parameters influence ozone 
formation. 
Figure 1 illustrates the selected arrangement of the boxes, which were 
assumed to be 2.5 km long. The assumed emission scenario is shown in Fig. 
2. In the "reference case", to which the discussion is restricted in the 
present paper, the wind comes from NNW. Hence, air mass is advected 
first above the main industrial zones of the GTA (where primarily NOx 
and VOC are emitted), reaches then the urban area with mainly trafflc 
emissions (Le. CO, NÖx and HC) and continues its motion over emission 
free area. An appropriate diurnal variation was assumed for the urban 
trafflc emissions, whereas industrial emissions were considered to be 
constant. 
The meteorological input consisted of the wind speed and the diurnal 
variation of mixing height. The former was assumed to be constant, the 
latter was derived from preliminary results of the Thessaloniki '91 Field 
Measurement Campaign 7 (Fig. 3). For the concentrations of all chemical 
species initial and boundary conditions were specified to correspond to 
background concentration values, which were also depicted from prelimin-
ary campaign results. 
RESULTS 
Figures 4 and 5 show the calculated diurnal variation of the CO, NO, N0 2 
and ozone concentrations at a constant NNW wind of 0.5 m/s in the urban 
area (cell #8) and in the rural area in the lee of the GTA. The correspond-
ing spatial distribution of the same species on 8:00 and 18:00 LST is illust-
rated in Fig. 6. 
For the interpretation of the results the following should be taken into 
account: 
~ The predicted immission levels correspond to average values which are 
representative for a rather large area. Apparently, this model cannot be 
expected to reproduce peak values for individual species. Therefore, there 
is no justification for comparing these predictions with actual measure-
ments at individual receptor locations. 
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Figure 4. Diurnal variation of the CO, NO, N0 2 and ozone concentrations 
predicted for cell #8 (urban areal at a constant NNW wind of 0.5 m/s. 
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Figure 5. Same as Fig. 4 but for cell #13 (rural area) , 
~ Ey the aid of additional simulations it could be proved that the model 
results are sensitive to several parameters and especially to the prescrib-
ed diurnal variation of the mixing height. Contrary to the nocturnal 
values for the mixing height, which could be derived from available ob-
servational evidence (see abovel, the daytime variation of the mixing 
height used in this study is merely a guess . 
• If expressed per unit surface area of the boxes, the urban emission rates 
assumed for the GTA exceed those valid in Central European urban 
areas byas much as 100% . 
• In view of the high emission rates and given that the domain considered 
is less than 40 km long, even at a wind velocity as low as 0.5 m/s the 
residence time of the air mass in the domain does not suffice for NO to 
be depleted. Consequently, very high ozone levels can hardly be expected 
in the area of interest. 
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Eigure 6. Spatial distribution of the CO, NO, NO, and ozone concentration 
at a constant NNW wind of 0.5 m/s on 8:00 and 18:00 LST. 
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The predicted concentrations of aIl pollutants in the urban area re-
fleets the combined influence of the assumed diurnal variations of the mix-
ing height and the traffle emission rates. The latter are characterized by 
surprisingly high values in the late evening hours. Rence, CO reaches its 
peak value around midnight. As N0 2 is concerned, chemical production is 
not sufflcient to counterbalance the combination of advective transport and 
dilution due to turbulent diffusion. Ozone only gradually increases to reach 
its maximum value of slightly more than the assumed background concen-
tration (30 ppb) at about 18:00 LST. 
Comparison of Figs 4 and 5 reveals that the particular case considered 
is governed by advection: The diurnal variations of both CO and N0 2 in 
cell #13 exhibit features already visible in eell #8 a few hours earlier. Of 
course, the NO values in the rural area are markedly lower than down-
town, but still high enough to prevent an intense formation of ozone. The 
latter does not exceed the levels reached downtown, yet its daily mean con-
cent ration iso higher than the corresponding value in the urban area. 
Figure 6 Iargely confirms the already discussed interrelations. The 
behaviour of CO and N0 2 is rather similar: It exhibits a decrease from 8:00 
to 18:00 LST, due to the increase of the mixing height, and a monotonie 
decline in the leeside of the city as a consequence of advection. In the ease 
of NO, both the decrease from 8:00 to 18:00 LST and the decline in the lee-
side are significantIy enhanced by photochernical oxidation proeesses. As 
expeeted, ozone behaves complementary to NO: It increases from 8:00 to 
18:00 LST in spite of the inerease of the mixing height; it exhibits a min-
imum, the Iocation of which moves gradually in the course of the day from 
the city cent re to the SSE; finally, it increases again up to the end of the 
domain. Most probabIy, this increase would continue out of the domaln. 
CONCLUSIONS 
The results of the present study prove that a multi box model may provide 
a reasonable impression of the photochemical processes occuring in an urb-
an airshed. For more aecurate results, however, a three-dimensional disper-
sion model for reactive pollutants should be applied. 
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